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THE  KANEVILLE  ESKER, 
KANE  COUNTY,  ILLINOIS 


M.  T.  LUKERT  and  H.  A.  WINTERS 
Western  Reserve  University  and  Portland  State  College 


Abstract,  —  A  linear  ridge  consist¬ 
ing  of  sand  and  gravel,  located  in  south¬ 
central  Kane  County,  Illinois,  was  in¬ 
terpreted  to  be  an  esker  as  early  as 
1899. 

Topographic  configuration  of  the  fea¬ 
ture  and  associated  landforms,  sedi¬ 
ments  comprising  the  landform,  align¬ 
ment  of  these  sediments,  and  nature  and 
location  of  the  associated  materials  sup¬ 
port  the  eskerine  interpretation. 

A  feature  referred  to  as  the  Kane- 
ville  esker  has  been  described  by 
Leverett  (1899,  p.  284-286)  and  by 
Leighton,  Powers,  MacClintock  and 
Workman  (1931,  p.  66-75).  The  lo¬ 
cation  and  the  areal  extent  of  the 
landform  are  also  shown  on  maps 
accompanying  publications  by  Block 
(1960,  pi.  1)  ;  Suter,  Bergstrom,  et 
al.  (1959,  fig.  5)  ;  Fryxell  (1927, 
pi.  1)  ;  and  Hopkins,  Mosier,  et  al. 
(1917,  Soil  Survey  Map  of  Kane 
County,  Northern  Sheet).  George  E. 
Ekblaw  of  the  Illinois  State  Geo¬ 
logical  Survey  has  suggested  that 
the  Kaneville  esker  might  be  a 
group  of  coalescing  kames  formed 
at  the  edge  of  an  ice  sheet  (1962, 
personal  communication).  Another 
interpretation  suggests  that  the 
Kaneville  esker  may  have  originat¬ 
ed  as  a  crevasse  filling  (Boardman, 
Odom,  and  Wilson,  1962,  p.  9).  The 
purpose  of  this  paper  is  to  describe 
the  characteristics  and  mode  of  ori¬ 
gin  of  the  landform.  However,  the 
feature  will  be  referred  to  occasion¬ 
ally  as  “the  Kaneville  esker”  in  or¬ 
der  to  avoid  repetition  of  descrip¬ 
tive  terms. 


Distribution  and  Form 

The  Kaneville  esker  is  located  in 
the  southern  part  of  Kane  County 
about  six  miles  west  of  Aurora,  Illi¬ 
nois,  in  the  extreme  northeast  part 
of  the  Bloomington  Ridged  Plain 
(Fig.  1),  as  defined  by  Leighton,  Ek¬ 
blaw,  and  Horberg  (1948,  p.  24). 
Specifically,  the  Kaneville  esker  ex¬ 
tends  from  the  NE  *4  of  Sec.  15,  T. 
38  N.,  R.  7  E.  to  the  SE  %  NE  y4 
Sec. -25,  T.  39  N.,  R,  6  E.  (Fig.  2). 
The  feature  displays  an  arcuate  plan 
and  may  be  divided  into  three  topo¬ 
graphic  units  referred  to  as  the 
southeast  section,  the  middle  section, 
and  the  northwest  section  (Fig.  2). 

The  topographic  form  of  the  south¬ 
east  section  has  been  largely  inter¬ 
preted  from  the  topographic  map 
because  the  landform  has  been  prac¬ 
tically  destroyed  b}^  removal  of  sand 
and  gravel  by  man.  This  section  ap¬ 
pears  to  have  consisted  of  several 
small,  somewhat  elongate  hillocks 
that  were  from  20  to  50  feet  higher 
than  the  valley  of  Blackberry  Creek, 
which  follows  the  trend  of  the  land- 
form  for  several  miles.  The  crests  of 
the  hillocks  had  an  elevation  of  about 
690  to  700  feet  above  sea  level  at  the 
extreme  southeast  end  of  the  feature. 

The  middle  section  of  the  Kane¬ 
ville  esker  consists  of  an  elongate, 
irregularly  crested  ridge  that  is 
breached  at  several  points.  The  ridge 
rises  40  to  70  feet  above  the  adja¬ 
cent  plain,  the  height  increasing  to- 
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ward  the  northwest.  The  width 
ranges  from  about  400  feet  to  more 
than  600  feet,  and  the  sides  assume 
a  maximum  slope  of  about  25°. 

The  northwest  section  of  the  land- 
form  is  complex  and  does  not  display 
the  well-defined  eskerine  form  char¬ 
acteristic  of  the  middle  section.  This 
part  of  the  feature  is  fan-shaped  in 
plan  and  consists  of  a  series  of 


coalescing  kame-like  landforms  that 
range  from  50  to  70  feet  in  height. 

A  landform  with  the  topographic 
configuration  of  a  delta  extends 
north  and  northwest  from  the  Kane- 
ville  esker.  Leverett  (1899,  p.  284) 
was  the  first  to  interpret  the  feature 
as  a  delta,  and  later  Powers  (Leigh¬ 
ton,  Powers  et  ah,  1931,  p.  72)  agreed 
with  Leverett ’s  interpretation  and 
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location  of  sampling  sites  for  cobble  orientation 


Figure  2.  —  Areal  Extent  of  the  Kaneville  Esker.  The  shaded  area  represents 
the  topographic  extent  of  the  landform. 


correlated  the  delta  with  a  pro-glaci¬ 
al  lake  which  he  called  Lake  Pin- 
gree.  The  maximum  altitude  of  this 
postulated  delta  is  approximately 
810  feet.  The  maximum  altitude  of 
the  hillocks  at  the  extreme  southeast 
end  of  the  Kaneville  esker  is  700  feet. 
Thus  the  delta  has  a  maximum  alti¬ 
tude  110  feet  higher  than  that  of  the 
hillocks  which  comprise  the  south¬ 
east  part  of  the  feature. 

The  linear  arrangement  of  the 
landform  implies  lateral  limitation 
of  the  area  of  deposition.  This  lim¬ 


itation  undoubtedly  resulted  from 
the  presence  of  glacial  ice  on  at  least 
one  side,  and  possibly  both  sides  of 
the  deposit.  If  the  eskerine  interpre¬ 
tation  of  origin  is  accepted,  the 
length  and  the  linear  pattern  of  the 
landform  are  satisfactorily  explain¬ 
ed.  The  sparsity  of  eskerine  features 
in  the  southeast  section  could  be  ac¬ 
counted  for  by  a  lack  of  deposition 
especially  since  this  area  may  repre¬ 
sent  the  headwater  of  the  esker 
stream.  In  addition.  Powers  (Leigh¬ 
ton,  Powers,  et  ah,  1931,  p.  75)  ex- 
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pressed  the  belief  that  the  southeast 
section  was  overridden  by  a  later  ad¬ 
vance  of  glacial  ice  which  could  have 
altered  any  pre-existing  landforms. 

The  middle  section  displays  an  ir¬ 
regular  longitudinal  profile  and 
sharp  crest,  features  that  strongly 
suggest  an  eskerine  origin.  The 
northwest  section  appears  to  be  close¬ 
ly  related  to  the  eskerine  forms  of 
the  middle  section  but  a  significant 
topographic  difference,  as  described 
previously,  exists  between  the  two 
sections.  The  northwest  section  may 
have  been  formed  at  or  near  the 
mouth  of  the  esker  stream  in  direct 
contact,  at  least  in  part,  with  glacial 
ice.  This  section  may  represent  a 
transitional  zone  between  the  pro¬ 
glacial  delta  form  to  the  north  and 
west  and  the  ice-restricted  eskerine 
features  of  the  middle  section  to  the 
south  and  southeast.  If  this  inter¬ 
pretation  is  correct,  the  landforms  of 
the  northwest  section,  although  not 
truly  eskerine  in  character,  lend  sup¬ 
port  to  the  proposition  that  the  fea¬ 
ture  is  actually  an  esker  and  not  a 
group  of  ice-marginal  kames  or  a 
crevasse  filling. 

Perhaps  the  principal  objection  to 
the  eskerine  interpretation  is  the  in¬ 
crease  in  altitude  between  the  south¬ 
east  and  the  northwest  sections  of  the 
feature.  This  difference  in  height 
may  be  explained  by  1)  an  uphill 
flow  of  the  esker  stream  under  hy¬ 
draulic  pressure,  2)  superimposition 
of  englacial  or  superglacial  stream 
sediments  upon  an  uneven  subglacial 
topography,  or  3)  a  combination  of 
these  two  possibilities. 

The  interpretation  that  the  feature 
is  ice-marginal  in  origin  seems  to 
have  been  postulated  principally  on 
the  basis  of  1)  the  arcuate  plan  of 


the  landform  and  2)  the  possibility 
that  morainal  trends  to  the  south¬ 
west  might  conform  to  this  pattern 
(George  E.  Ekblaw,  1962,  personal 
communication).  According  to  this 
interpretation,  the  hills  which  com¬ 
prise  parts  of  the  landform  represent 
frontal  kames  that  may  coalesce  in 
places.  Powers  (Leighton,  Powers, 
et  al.,  1931,  p.  72)  recognized  that,  on 
the  basis  of  a  till  deposit,  the  south¬ 
east  section  was  overridden  by  a  later 
advance  of  the  ice  that  might  have 
altered  the  form  of  some  of  these 
kames. 

The  middle  section  of  the  feature  is 
difficult  to  explain  if  the  ice-mar¬ 
ginal  interpretation  is  accepted.  The 
construction  of  ice-marginal  features 
possessing  such  linear  continuity  and 
cross-sectional  symmetry  that  are 
typical  of  this  section  would  re¬ 
quire  conditions  difficult  to  visualize. 

The  relationship  between  the 
Ivaneville  esker  and  the  delta  is  al¬ 
so  difficult  to  explain  by  the  ice- 
marginal  hypothesis  without  some 
explanation  of  the  source  of  the  melt¬ 
water  and  sediments  that  comprise 
the  delta.  Possibly  the  delta  is  not 
related  to  the  Ivaneville  esker.  How¬ 
ever,  the  proximity  and  form  of  the 
two  features  seem  to  indicate  some¬ 
thing  more  than  fortuitous  location. 

If  the  crevasse-filling  hypothesis  is 
accepted,  the  difference  in  altitude 
between  the  extreme  ends  of  the  land- 
form  implies  a  southeast  flow  of 
meltwater  or  superimposition  onto 
the  subglacial  topography.  The  land- 
forms  of  the  southeast  section  offer 
no  evidence  of  a  southeast  flow  of 
meltwater.  To  the  contrarv,  the  con- 
figuration  of  the  northwest  section 
suggests  the  terminus  of  a  meltwater 
stream,  not  a  headwater  area.  Super- 
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imposition  of  crevasse  sediments  up¬ 
on  the  subglacial  topography  might 
possibly  explain  the  relationship  be¬ 
tween  the  delta,  and  the  landform 
but,  if  this  did  occur,  the  gradient 
along  the  present  landform  must  be 
the  reverse  of  the  gradient  present 
during  the  construction  of  the  fea¬ 
ture.  The  irregular  crest  of  the  land- 
form  is  not  in  harmony  with  the 
crevasse-filling  interpretation.  The 
crests  of  crevasse  fillings  are  usually 
smooth  in  longitudinal  profile.  In 
addition,  the  sharp-crested  cross- 
sectional  profile  of  the  Kaneville  es¬ 
ker  presents  a  striking  contrast  to 
the  flat  crest  which  is  commonly  as¬ 
sociated  with  crevasse  fillings.  The 
length  of  the  landform,  approximate¬ 
ly  five  miles,  is  greater  than  that 
believed  to  be  associated  with  most 
crevasse  fillings  (Flint,  1957,  p.  15 
and  Thwaites,  1961,  p.  52).  The  ar¬ 
cuate  plan  of  the  landform  is  also 
anomalous  with  the  nearly  straight 
trend  which  is  typical  of  known  cre¬ 
vasse  fillings  (Thwaites,  1961,  p.  52). 
In  almost  every  respect,  the  topo¬ 
graphic  configuration  of  the  land- 
form  contradicts  the  crevasse-filling 
hypothesis. 

Characteristics 
of  the  Sediments 

Ice-contact  deposits  are  character¬ 
ized  by  complex  stratification  and 
cross-bedding,  great  variation  and 
abrupt  changes  in  grain  size,  and 
slumping  of  the  sediments.  Such 
characteristics  are  common  in  the 
sediments  associated  with  the  Kane¬ 
ville  esker. 

The  gross  stratification  of  the  sedi¬ 
ments  is  more  or  less  horizontal  but 
near  the  flanks  of  the  landform  some 


bedding  planes  are  approximately 
parallel  to  the  sloping  surface  of  the 
feature.  In  general,  the  sediments 
consist  of  lenses  of  coarse  gravel 
which  are  interfingered  with  layers 
of  sand.  Cut-and-fill  deposits  are 
common,  and  cross-bedding,  ranging 
from  large  to  small  scale,  is  present 
at  numerous  exposures.  The  dom¬ 
inant  dip  of  the  cross-beds  is  to  the 
north  and  northwest. 

Orientation  of  the  long  axes  of  fif¬ 
ty  cobble-sized  stones  was  determined 
at  each  of  six  locations.  The  results, 
graphically  described  in  Figure  3, 
indicate  that  the  flow  of  the  deposi- 
tional  medium  was  generally  parallel 
to  the  strike  or  trend  of  the  land- 
form. 

The  sediments  consist  primarily  of 
materials  larger  than  the  size  of  fine 
sand  (%  mm.).  Dolomite,  believed 
to  be  derived  principally  from  Ni- 
agaran  rocks  of  Silurian  age,  com¬ 
prises  the  bulk  of  the  coarse  sedi¬ 
ments. 

Till  is  found  along  both  sides  of 
the  glacio-fluvial  sediments  and  in 
some  instances  overlies  the  gravel 
along  the  flanks  of  the  landform.  At 
no  outcrop  did  the  writers  find  the 
till  to  extend  completely  over  the 
water-deposited  materials.  However, 
Powers  (Leighton,  Powers,  et  al., 
1931,  p.  72)  recognized  a  till  over- 
lying  glacio-fluvial  sediments  in  the 
southeast  section  but,  as  mentioned 
previously,  associated  the  till  with  a 
later  advance  of  the  ice.  Further¬ 
more,  the  overlying  till  as  described 
by  Powers  is  distinctly  different  from 
the  flanking  till  recognied  by  the 
writers.  The  flanking  till  is  sandy, 
with  dolomite  comprising  the  bulk 
of  the  pebble  content.  Cobbles  and 
boulders  are  rare.  The  color  of  the 
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Each  circle  represents  10%. 


Figure  3.  — Cobble  orientation,  showing  the  relationship  of  the  long  axis 
orientation  to  the  strike  of  the  landform. 


till  varies  from  light-brown  to  brown  is  rarely  more  than  six  feet  thick.  At 
with  a  reddish  cast.  The  exposed  till  one  location  along  the  north  flank 
overlying  the  glacio-flnvial  sediments  within  the  southeast  part  of  the  land- 
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form,  the  till  is  interrupted  by  a 
thin,  nearly  horizontal,  discontinu¬ 
ous  carbonaceous  zone.  The  till  above 
this  carbonaceous  layer  is  not  ob¬ 
viously  different  from  the  till  below, 
but  it  is  possible  that  the  carbona¬ 
ceous  zone  separates  two  tills  of  dif¬ 
ferent  ages. 

At  several  locations  near  the  north¬ 
west  end  of  the  Kaneville  esker,  the 
stratified  sands  and  gravels  merge 
horizontally  and  vertically  with 
slumped,  laminated  silts  and  clays 
that  contain  occasional  pebbles  and 
cobbles.  The  nature  of  these  sedi¬ 
ments  obviously  suggests  deposition 
in  calmer  water  than  that  in  which 
the  sand  and  gravel  were  deposited. 
The  transitional  contact  between  the 
fine  sediments  and  the  sands  and 
gravels  indicates  that  both  may  have 
been  deposited  by  meltwater  asso¬ 
ciated  with  an  esker  stream.  The 
nature  and  location  of  the  silts  and 
clays  might  be  explained  by  the 
periodic  occurrence  of  unusual  vol¬ 
umes  of  meltwater,  which  caused  the 
stream  to  overflow  its  normal  chan¬ 
nel.  During  these  periods  of  high 
water,  sand  and  gravel  could  have 
been  deposited  in  the  main  channel 
as  bedload,  and  silts  and  clays  which 
were  carried  in  suspension  by  the 
stream  could  have  been  deposited  on 
the  uneven  surface  of  the  adjacent 
ice.  Under  these  conditions  a  transi¬ 
tional  zone  may  have  been  present 
between  the  coarse  and  fine  sedi¬ 
ments.  The  occasional  coarse  parti¬ 
cles  in  the  fine  sediments  might  have 
melted  out  from  blocks  of  floating 
ice.  A  decrease  in  the  volume  of 
water  would  have  left  the  claj^s  and 
silts  resting,  at  least  in  part,  on  the 
flanking  ice.  Subsequent  melting  of 
the  supporting  glacial  ice  would  have 


permitted  the  fine  sediments  to  be 
superimposed  directly  on  the  under¬ 
lying  glacial  drift.  This  interpreta¬ 
tion  can  account  for  both  the  con¬ 
torted  laminations  of  the  silts  and 
clays  and  for  the  gradational  contact 
between  the  coarse  and  fine  sediments 
that  exist  within  this  part  of  the 
feature. 

The  carbonaceous  material  that  ex¬ 
ists  within  the  silts  and  clays  prob¬ 
ably  represents  organic  matter  pres¬ 
ent  in  the  general  depositional 
environment.  The  character  and  con¬ 
centration  of  the  carbonaceous  mat¬ 
ter  in  such  a  small  area  make  it 
doubtful  that  the  material  represents 
a  pre-existing  organic  deposit  that 
was  reworked  by  ice  and  then  re- 
deposited  by  meltwater.  In  the  opin¬ 
ion  of  the  writers,  some  form  of 
vegetation  probably  existed  within 
the  glacial  environment  at  the  time 
the  feature  was  being  formed. 

Summary  and  Conclusion 

The  eskerine  theory  most  plausibly 
explains  the  origin  of  the  Kaneville 
esker.  The  topographic  configuration 
of  the  landform  presents  the  most 
convincing  evidence  for  the  accep¬ 
tance  of  this  interpretation.  The  lin¬ 
ear  pattern  and  irregular  crest  are 
typical  of  eskerine  forms.  Further¬ 
more,  this  interpretation  is  support¬ 
ed  by  certain  sediment  characteris¬ 
tics,  including  the  alignment  of 
sedimentary  particles  generally  par¬ 
allel  to  the  trend  of  the  landform 
and  the  northwesterly  dip  of  the 
crossbedding.  The  till  overlying  both 
flanks  of  the  feature  suggests  that 
glacial  ice  existed  along  both  sides 
of  the  landform  during  its  forma¬ 
tion.  The  location  and  the  altitude 
of  the  delta  are  most  easily  explained 
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by  the  presence  of  an  esker  stream 
flowing  to  the  northwest.  Thus,  on 
the  basis  of  the  evidence  presented, 
this  landform  merits  its  designation 
as  an  esker. 
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FOODS  OF  THE  TOAD,  BUFO  WOODHOUSE1 

FOWLERI  HINCKLEY 


W.  D.  KLIMSTRA  and  CHARLES  W.  MYERS 

Cooperative  Wildlife  Research  Laboratory,  Southern  Illinois 
University,  Carbondale,  and  Gorgas  Memorial  Laboratory, 
Apartado  6991,  Panama,  Republica  de  Panama 


Abstract.  —  The  stomach  contents  of 
504  Bufo  woodhousei  foivleri,  from  south¬ 
ern  Illinois,  were  analyzed.  Three  phyla 
of  invertebrates  were  represented  in  the 
497  stomachs  containing  food.  The  Mol- 
lusca  (occurring  in  1.2%  of  the  stomachs 
with  food)  and  Annelida  (0.4%)  were  of 
minor  importance,  and  of  the  Arthro- 
poda  the  classes  Insecta  (100.0%)  and 
Arachnida  (12.9%)  were  the  principal 
groups.  Eleven  orders  and  sixty-seven 
families  of  insects  were  identified;  the 
orders  Coleoptera  (92.0%)  and  Hymen- 
optera  (72.8%)  were  by  far  the  most  fre¬ 
quently  represented  groups.  Because  of 
the  abundance  and  variety  of  prey  utiliz¬ 
ed,  food  supply  probably  does  not  con¬ 
stitute  an  important  factor  in  population 
control  of  Fowler’s  toad.  The  diet  of 
Fowler’s  toad  is  determined  principally 
by  relative  availability  of  prey  items, 
and  selectivity  of  prey  is  a  factor  of 
minor  importance.  Major  aspects  of  the 
diet  are  much  the  same  in  southern  Illi¬ 
nois,  Georgia,  and  Oklahoma,  except  that 
a  greater  variety  of  foods  is  utilized  in 
the  first  two  states,  a  phenomenon  at¬ 
tributed  to  greater  faunal  diversity  in 
those  areas. 

Partly  because  of  their  supposed 
economic  value  (for  example,  Bragg, 
1943  ;  Garman,  1901 ;  Kirkland,  1897, 
1904),  the  food  habits  of  North 
American  toads  (Bufo)  have  receiv¬ 
ed  more  attention  than  most  other 
groups  of  amphibians.  Few  writers, 
however,  have  based  their  work  on 
adequate  samples ;  for  this  reason 
our  knowledge  of  dietary  patterns 
is  not  as  extensive  as  might  be  ex¬ 
pected.  Most  of  the  important  litera¬ 
ture  on  the  feeding  of  bufonids  has 


been  reviewed  by  Smith  and  Bragg 
(1949),  Hamilton  (1954),  and  Bush 
and  Menhinick  (1962). 

The  data  to  be  presented  represent 
a  segment  of  a  study  of  the  biology 
of  Bufo  woodhousei  fowleri  Hinck¬ 
ley  in  southern  Illinois.  Until  recent¬ 
ly,  analyses  of  the  food  habits  of 
Fowler’s  toad  were  based  on  small 
samples;  however,  Smith  and  Bragg 
(1949)  reported  on  560  specimens 
of  a  related  subspecies,  B.  w.  wood¬ 
housei  Girard,  in  Oklahoma.  As  our 
data  were  being  compiled,  Bush  and 
Menhinick  (1962)  published  on  the 
stomach  contents  of  111  B.  w.  fowleri 
from  Georgia.  These  studies  provide 
an  opportunity  to  compare  the  diet 
of  B.  woodhousi  from  three  widely 
separated  localities — Oklahoma,  Illi¬ 
nois,  and  Georgia. 

Materials  and  Methods 

A  total  of  504  stomachs  of  B.  w. 
fowleri  was  examined  (Table  1),  rep¬ 
resenting  specimens  from  Jackson, 
Union,  and  Williamson  counties,  Il¬ 
linois,  for  June  through  September, 
1958,  and  April  through  May,  1959. 
Specimens  were  collected  in  a  variety 
of  habitats,  but  many  came  from 
weedy,  recentlv  disturbed  sections  of 
new  residential  areas,  agricultural 
areas,  and  roadsides;  no  collecting 
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was  done  around  potential  breeding 
waters.  Stomachs  were  removed  and 
stored  in  alcohol  until  examination. 
The  individual  stomach  was  opened 
along  its  greatest  curvature  and  the 
contents  emptied  into  a  small  dish  of 
water.  Food  items  were  segregated 
under  magnification ;  materials  not 
readily  identifiable  were  stored  in  al¬ 
cohol  or  mounted  on  pins  or  slides 
for  later  determination.  Tabulation 
of  data  was  limited  to  percent  fre¬ 
quency  of  occurrence ;  the  many 
small  food  items  and  miscellaneous 
insect  parts  made  it  virtually  im¬ 
possible  to  obtain  reasonably  accur¬ 
ate  volumetric  measurements,  or,  in 
many  cases,  even  counts  of  individual 
items. 

Foods  in  Southern  Illinois 

Food  items  representing  three 
phyla  of  invertebrates  (Mollusca, 
Annelida,  and  Arthropoda)  were 
present  in  the  stomachs  of  497 
Fowler’s  toads;  two  additional  stom¬ 
achs  contained  only  unidentifiable 
matter  and  five  were  empty  (Tables 
1  and  2).  Mollusks  occurred  in  only 


Table  1. — Numbers  and  conditions  of 
stomachs  by  months  for  Bufo  wood- 
housei  foivleri  in  southern  Illinois. 


Month 

Number  with 
matter 

Number 

empty 

Total 

April . 

21 

0 

21 

May . 

115 

2 

117 

June . 

46 

1 

47 

July . 

40 

0 

40 

August _ 

125 

2 

127 

September. 

100 

0 

100 

Unknown  . 

52 

0 

52 

Totals .... 

499* 

5 

504 

*  Of  which  497  stomachs  contained  food 
material,  and  two  only  extraneous  matter. 


1.2  percent  of  those  containing  food, 
and  annelids  in  only  0.4  percent, 
hence  the  arthropods  (100%  occur¬ 
rence)  comprised  the  important 
group.  Five  classes  of  arthropods 
were  recorded ;  the  Insecta  occurred 
in  every  stomach  that  contained  food, 
being  represented  by  at  least  11  or¬ 
ders  and  69  families.  The  orders 
Coleoptera  (92.0%)  and  Hymenop- 
tera  (72.8%)  actually  comprised  the 
major  portion  of  the  diet  (Figs.  1 
and  3). 

Of  32  families  of  Coleoptera  iden¬ 
tified,  the  Carabidae  (63.8%),  Cur- 
culionidae  (37.4%),  Chrysomeliclae 
Scarabaeidae  (29.8%),  Elateridae 
(19.3%),  Coccinellidae  (18.7%), 
Cantharidae  (13.5%),  and  Staphy- 
linidae  (12.9%)  occurred  most  fre¬ 
quently  (Table  2  and  Fig.  2).  Adult 
beetles  were  recorded  in  91.3  percent 
of  the  stomachs  and  larvae  in  16.5 
percent.  Only  in  the  case  of  Can¬ 
tharidae  were  larvae  (9.9%)  more 


Figure  1.  —  Relative  utilization  of  ma¬ 
jor  food  groups  by  Bufo  woodhousei 
foivleri  in  southern  Illinois  (June  -  Sep¬ 
tember,  1958  and  April  -  May,  1959). 
The  graph  does  not  show  cumulative  per¬ 
centage,  but  rather  the  width  of  each 
segment  reflects  frequency  of  utilization 
of  a  food  group  relative  to  other  groups 
on  the  graph. 


Table  2. — Invertebrate  groups  utilized  as  food  by  Bufo  woodhousei  fowleri  in  southern  Illinois. 


Foods  of  Toad, 
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MONTH  OF  COLLECTION 

Figure  2.  —  Monthly  variation  in  the 
utilization  of  some  families  of  Coleop- 
tera  by  Bufo  woodhousei  fowleri  in 
southern  Illinois  (June  -  September,  1958 
and  April  -  May,  1959). 

frequently  utilized  than  adults 

(3.6%). 

Of  the  Hymenoptera,  Formicidae 
appeared  in  68.2  percent  of  the  sam¬ 
ples  in  contrast  to  2.8  percent  for  the 
next  most  frequent  family,  the  Yes- 
pidae  (Table  2).  More  than  a  dozen 
types  of  ants  were  observed,  al¬ 
though  identification  below  family 

O 

level  was  not  attempted. 
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Hemiptera  yielded  a  15.7  percent 
occurrence,  Lepidoptera  (mostly  lar¬ 
vae)  13.9  percent,  Ortlioptera  8.4 
percent,  Homoptera  6.0  percent,  and 
Diptera  3.4  percent.  Four  other  or¬ 
ders  of  insects  each  appeared  in  less 
than  2.0  percent  of  the  sample.  The 
Arachnida,  mainly  spiders,  was  the 
most  frequently  occurring  (12.9%) 
of  the  non-insect  prey. 

Although  no  special  attempt  was 
made  to  relate  foods  eaten  with  the 
type  of  habitat  from  which  toads 
were  collected,  it  was  generally  ap¬ 
parent  that  such  a  relationship  ex¬ 
isted.  The  majority  of  specimens 
came  from  recently  disturbed  areas 
such  as  residential  subdivision  de¬ 
velopment  and  rural  roadsides,  where 
such  plants  as  smartweed  ( Poly¬ 
gonum  ) ,  ragweed  ( A  m  b  r  o  s i a  ) , 
lamb’s  quarter  (Chenopodium) ,  pig¬ 
weed  (Amaranthus) ,  and  isolated 
clumps  of  foxtail  (Set aria)  and 
barnyard  grasses  (E chino chi o a) 
dominate  the  vegetational  pattern. 
In  such  sites,  the  vegetation  creates 
shaded,  cool,  moist  environments  al¬ 
ternating  with  extensive  patches  of 
bare  ground.  This  kind  of  habitat 
seemed  to  be  preferred  not  only  by 
the  toads  but  also  by  many  species 
of  invertebrates  (especially  ants  and 
certain  beetles),  as  was  evident  from 
field  observation  as  well  as  examina¬ 
tion  of  stomach  contents.  Such  habi¬ 
tats  provide  excellent  places  for  day¬ 
time  hiding  and  also  opportunity  for 
longer  feedings  periods,  as  light  in¬ 
tensity  at  ground  level  is  markedly 
reduced  in  the  morning  and  after¬ 
noon.  These  conditions  of  the  habi¬ 
tat  surely  enhance  the  feeding  oppor¬ 
tunities  for  resident  toads,  but 
introduce  some  bias  into  the  study, 
inasmuch  as  somewhat  specialized 
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conditions  are  emphasized  while  oth¬ 
er  habitats,  such  as  forests,  are  poor¬ 
ly  represented.  For  example,  toads 
were  not  collected  at  breeding  sites 
and,  consequently,  very  few  aquatic 
or  semiaquatic  insects  were  found 
in  the  stomachs ;  but  Gehlbach  and 
Collette  (1959)  found  rather  high 
percentages  of  aquatic  insect  larvae 
(Coleoptera:  Dytiscidae  7.7%,  Hy- 
drophilidae  7.7%  ;  Diptera:  Stratio- 
myiidae  15.4%)  in  a  series  of  13 
Bnfo  w.  woodhousei  from  Nebraska, 
because  their  sample  was  (by  infer¬ 
ence)  collected  at  or  near  breeding 
waters. 

Factors  to  be  acknowledged  in  an¬ 
alyzing  foods  used  are  increased  food 
requirements  as  a  result  of  fasting 
during  hibernation  and  of  preparing 
for  breeding  activities,  especially  in 
the  case  of  females.  Smith  and 
Bragg  (1949  :342-343)  in  their 
study  of  Bufo  w.  woodhousei  in  Ok¬ 
lahoma,  noted  that  adult  females  con¬ 
sumed  much  more  than  adult  males 
during  spring  and  summer  months. 
Analyses  of  such  results  must  ac¬ 
count  for  the  fact,  that  males  spend 
a  longer  period  in  breeding  activities 
and  thus  may  have  fewer  feeding 
opportunities ;  this  does  not,  how¬ 
ever,  account  for  the  greater  food 
utilization  by  females  following 
breeding  activities.  One  might  as¬ 
sume  that  females  require  greater 
food  supplies  in  order  to  compensate 
for  physiological  demands  related  to 
egg  production.  Because  this  physio¬ 
logical  stress  may  actually  begin  well 
in  advance  of  hibernation,  females 
may  feed  more  heavily  in  summer 
in  order  to  compensate  for  such  de¬ 
mands  during  and  immediately  fol¬ 
lowing  hibernation.  The  fact  that 
females  also  attain  a  larger  body 


size  is  important,  but  probably  not 
the  only  factor  involved,  as  just  in¬ 
dicated.  Certainly,  the  factors  re¬ 
sponsible  for  greater  food  utilization 
by  females  bear  further  investiga¬ 
tion. 

Annual  availability  and  hence 
utilization  of  food  items  are  dynamic 
phenomena  in  each  type  of  habitat. 
This  reflects  aspects  of  reproduction 
and  life  cycles  of  the  prey,  relative 
abundance  of  each  species  of  prey, 
and  conditions  of  the  environment 
at  any  given  time  of  the  season. 
These  features  are  reflected  in  the 
diet  of  Bufo  w.  fowler i,  being  best 
shown  by  the  use  made  of  several 
families  of  Coleoptera  (Fig.  2).  To 
illustrate,  the  family  Carabidae  was 
extensively  utilized  as  food  during 
April  through  September,  with  the 
greatest  frequency  of  occurrence  be¬ 
ing  May  through  July.  During  the 
time  of  maximum  utilization  of  the 
carabids,  there  was  a  general  de¬ 
crease  in  the  relative  occurrence  of 
several  other  families  of  beetles  (Fig. 
2).  Because  many  beetles  tend  to 
show  population  increments  compar¬ 
able  to  those  of  carabids,  it  might  be 
concluded  that  carabids  were  the  pre¬ 
ferred  foods.  AYe  think  the  answer  is 
not  so  simple,  and  that  the  carabids, 
being  a  readily  available  food,  were 
proportionately  more  abundant  than 
other  forms.  Certainly  the  Cara¬ 
bidae  are  among  the  most  abundant 
of  terrestrial  beetles  in  southern  Il¬ 
linois.  The  decline  in  utilization  of 
the  Carabidae  after  July  seems  com¬ 
pensated  for  by  increased  utilization 
of  other  forms.  A  heavy  spring  utili¬ 
zation  and  a  late  summer  and  early 
fall  decline  in  some  kinds  of  Coleop¬ 
tera  (Fig.  2)  probably  are  not  due 
to  a  decrease  in  numbers  of  prey,  for 
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biological  activities  in  late  spring  and 
early  summer  result  in  large  fall 
populations  of  many  kinds  of  beetles 
(Dr.  Milton  W.  Sanderson,  verbal 
communication)  ;  mortality  factors 
in  over-wintering  beetle  populations 
somewhat  reduce  the  number  by 
spring.  The  answer  probably  lies  in 
differential  activities  of  prey  and/or 
predator,  and  in  the  fact  that  ju¬ 
venile  toads  represent  much  of  the 
late  summer  and  fall  samples ;  al¬ 
though  little  qualitative  difference 
has  been  noted  between  the  diets  of 
juvenile  and  adult  toads,  (Smith  and 
Bragg,  1949)  it  is  obvious  that  juve¬ 
niles  cannot  ingest  as  large  objects 
as  can  adults  (Bragg,  1948).  In 
spite  of  marked  fluctuations  in  the 
utilization  of  various  families  of 
beetles,  it  is  of  interest  that  the  Cole- 
optera  remained  notably  constant, 
relative  to  other  groups,  in  the  de¬ 
gree  to  which  it  was  utilized  by 
toads  throughout  their  season  of  ac¬ 
tivity  (Fig.  1).  The  Hymenoptera 
also  showed  relative  month-to-month 
stability.  The  Coleoptera  and  Hy¬ 
menoptera  are  without  question  the 
major  dietary  constants  of  Fowler’s 
toad. 

A  variety  of  non-prey  items  were 
found  in  the  stomachs  (Table  3),  the 
most  frequent  of  which  were  various 
plant  materials  (mainly  dead  leaf 
fragments,  grass  blades,  twigs,  and 
small  blossoms).  Most  of  the  vegeta¬ 
tion  was  probably  ingested  along 
with  animal  prey,  but  some  possibly 
represents  active  “ capture”  of  fall¬ 
ing  or  wind-blown  items ;  that  this 
sometimes  happens  is  demonstrated 
by  observations  made  by  Harold  Ly¬ 
on  (cited  in  Oliver,  1955:198)  in 
the  Hawaiian  Islands,  where  Bufo 
marinas  snapped  up  falling  blossoms 


Table  3. — Non-prey  and  unidentified 
material  from  the  stomachs  of  Bufo 
woodhousei  foivleri  in  southern  Illinois. 


Item 

N  umber 
of 

Stomachs 
(Sample 
Size  -  499) 

Percent 

Frequency 

of 

Occurrence 

Vegetable  debris. .  . 

94 

18.8 

Rocks . 

29 

5.8 

Undetermined 

matter . 

21 

4.2 

Castoff  Bufo  skin.  . 

8 

1.6 

Nematodes . 

7 

1.4 

Bird  feather . 

1 

0.2 

Mammal  hair  (1).  . 

1 

0.2 

from  Strychnine  Trees  and  subse¬ 
quently  died  of  strychnine  poison¬ 
ing!  A  single  mammal  hair  and  a 
small  bird  feather  in  stomachs  of 
Fowler’s  toads  do  not  suggest  preda¬ 
tion  on  vertebrates,  as  there  were  no 
other  associated  remains.  Toads  are 
not  normally  predators  of  verte¬ 
brates  but,  contrary  to  the  claims  of 
some  authors,  there  are  records  of 
predation  by  Bufo  on  other  verte¬ 
brates.  Smith  and  Bragg  (1949  :347) 
reported  the  ingestion  of  a  small 
lizard  by  a  captive  B.  w.  woodhousei ; 
Bragg  (1960)  observed  a  captive  B. 
houstonensis  swallow  a  small  spade- 
foot  toad,  and  thought  that  cannibal¬ 
ism  also  occurred;  Hazelwood  (1949) 
observed  the  ingestion  of  a  snake  by 
B.  bufo;  King  (1960)  had  a  captive 
B.  w.  woodhousei  that  ate  a  small  tur¬ 
tle.  As  sight  of  moving  prey  seems 
to  be  the  primary  triggering  mecha¬ 
nism  for  feeding,  it  seems  likely  that 
occasional  predation  on  small  verte¬ 
brates  occurs  in  nature. 
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Availability 
Versus  Selectivity 

Bufo  woodhousei,  like  most  other 
vertebrate  predators  (for  example, 
the  red  fox,  Scott  and  Klimstra, 
1955),  within  the  limits  of  its  abili¬ 
ty  to  take  food,  awareness  of  poten¬ 
tial  food,  and  to  a  limited  extent 
food  preferences,  is  largely  regulated 
in  its  feeding  by  the  relative  avail¬ 
ability  of  foods.  The  occurrence  of 
wasps,  velvet  ants,  blister  beetles, 
and  stinkbugs  (items  obnoxious  to 
some  predators)  in  the  diet  of  this 
species  suggests  that  few  insects  are 
not  acceptable.  Considering  the  nu¬ 
merical  abundance  of  invertebrates 
and  their  wide  occurrence,  food  sup¬ 
ply  is  probably  rarely,  if  ever,  a  lim¬ 
iting  factor  of  this  toad.  Nutritional 
aspects  of  various  foods,  however, 
have  not  been  investigated.  Some 
factors  influencing  the  diet  of  Fowl¬ 
er  ’s  toad  have  been  discussed  in 
preceding  paragraphs ;  additional 
considerations,  and  the  relative  im¬ 
portance  of  availability  versus  selec¬ 
tivity  of  food  items,  are  discussed 
below. 

Unquestionably,  the  degree  of  ac¬ 
tivity  of  prey  species  (and  predator) 
is  important  when  considering  foods 
utilized.  Adult  dipterons  and  lepi- 
dopterons,  mostly  strong  flyers,  are 
rare  in  the  diets  of  this  and  other 
species  of  toads,  although  such  in¬ 
sects  are  numerically  abundant  and 
many  are  nocturnal.  Certain  fast 
moving  terrestrial  insects,  such  as 
crickets  and  roaches,  although  rela¬ 
tively  abundant  in  habitats  frequent¬ 
ed  by  Fowler’s  toads,  are  infrequent¬ 
ly  eaten  in  nature  (Table  2),  and 
often  escape  capture  even  in  ter¬ 
raria  (Martof,  1962a).  In  contrast, 
beetles  and  ants,  the  main  food  items, 


are  mostly  infrequent  flyers  and 
many  are  common  ground  dwellers, 
factors  that  probably  account  for  the 
high  frequency  of  occurrence  of 
these  insects  in  the  diet  of  toads 
generally. 

The  time  of  feeding  also  places 
restrictions  on  available  foods.  Toads 
in  general  are  well  known  for  their 
crepuscular  and  nocturnal  habits  (al¬ 
though  there  is  some  seasonal  and 
ontogenetic  variation  in  die!  cycles). 
Martof  (1962a)  found  that  captive 
Fowler’s  toads  can  feed  in  very  dim 
light  and  complete  darkness,  and 
that  feeding  is  triggered  by  acci¬ 
dental  contact  with  the  prey  as  well 
as  by  visual  stimulation.  Many  abun¬ 
dant  diurnal  insects  ( e.g .  grasshop¬ 
pers  and  some  bugs)  are  not  often 
eaten,  whereas  insects  mostly  active 
at  night  (e.g.  carabid  beetles)  or  ac¬ 
tive  night  and  day  (e.g.  ants)  are 
well  represented  in  the  diet. 

Stomachs  of  Fowler’s  toads  were 
only  occasionally  gorged  with  single 
species  of  insects,  indicating  times 
when  the  toads  had  taken  advantage 
of  food  concentrations.  As  mention¬ 
ed  by  Smith  and  Bragg  (1949:345) 
for  B.  w.  woodhousei,  concentration 
on  single  species  of  prey  seems  to  be 
a  rare  event.  Large  concentrations 
of  only  one  kind  of  prey  probably 
are  not  often  encountered  by  toads, 
except  in  agricultural  areas  where 
there  are  uniform  stands  of  vegeta¬ 
tion;  Pack  (1922)  observed  a  con¬ 
centration  of  young  B.  woodhousei 
feeding  almost  exclusively  on  an 
abundant  supply  of  sugar-beet  web- 
worms.  None  of  the  toads  used  in 
the  present  study  were  collected  un¬ 
der  street  lights,  although  B.  w. 
fowleri  and  B.  w.  woodhousi  do  con¬ 
gregate  at  such  sites  of  ready  food 
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supply  (Ferguson,  1960,  1963; 

Smith  and  Bragg,  1949:336)  and, 
under  certain  conditions,  probably 
engorge  on  one  or  a  few  species  of 
prey.  Pearse  (1910)  and  Martof 
(1962b)  demonstrated  that  Fowler’s 
toad  is  positively  phototropic ;  the 
observation  that  some  species  of 
toads  react  differently  to  light 
(Smith  and  Bragg,  1949:336)  in¬ 
vites  further  experimetnation. 

As  Fowler’s  toad  feeds  regularly 
on  very  small  insects,  as  well  as 
large  ones,  it  apparently  has  good 
vision.  Morphological  features  of  the 
toad  that  prohibit  side  or  backward 
head  movements  may  somewhat  re¬ 
strict  the  range  of  vision,  but  this 
is  probably  largely  compensated  by 
the  location  and  functional  aspects 
of  the  eyes.  One  of  us  (Myers)  has 
seen  a  Fowler’s  toad  repeatedly  lap 
up  steel  shot  that  were  rolled  to  it, 
thereby  attesting  to  indiscriminant 
feeding  and  the  importance  of  vision 
in  the  feeding  process.  Ivaess  and 
Kaess  (1960)  demonstrated  for  Bufo 
terrestris  that  ingestion  of  non-living 
food  (hamburger)  could  be  induced 
by  either  real  or  apparent  motion  of 
the  food.  Fowler’s  toads  are  possi¬ 
bly  alerted  by  sounds  made  by  po¬ 
tential  prey  (Martof,  1962a),  but 
olfaction  does  not  seem  an  important 
factor  in  selection  of  food  items,  al¬ 
though  olfactory  powers  are  seeming¬ 
ly  well  developed  (Martof,  1962a, 
c).  Touch  is  another  stimulus  for 
feeding,  as  blinded  Fowler’s  toads 
will  eat  insects  with  which  they  come 
in  contact  (Martof,  1962a). 

We  agree  with  Hamilton  (1954), 
Berry  and  Bullock  (1962),  Smith 
and  Bragg  (1949),  and  others,  that 
availability  of  prey  is  the  important 
factor,  and  that  toads  are  potential 


predators  of  most  invertebrates 
which  are  small  enough  to  be  cap¬ 
tured. 

We  do  not  claim  that  toads  of  the 
genus  Bufo  do  not  exhibit  some  selec¬ 
tivity  in  kinds  of  foods  eaten,  but, 
except  for  the  cases  of  a  few  species 
of  highly  noxious  insects  (see  be¬ 
low),  there  is  a  decided  lack  of  con¬ 
vincing  evidence  for  selectivity.  Cott 
(1957 :297-299)  contrasted  stomach 
contents  of  Bufo  bufo  and  Rana  tem- 
poraria  from  the  same  habitat,  and 
concluded  that  differences  in  foods 
eaten  were  due  to  differences  in  food 
preferences.  Similarly,  Inger  and 
Marx  (1961:25-26)  noted  that  Afri¬ 
can  Bufo  melanopleura  and  B.  ushor- 
anus  ate  more  Isoptera  and  Acarina 
than  the  larger  B.  regularis  and  B. 
funereus,  and  that  Acarina  was  not 
eaten  by  some  small  species  of  Phry- 
nobatrachus  to  the  same  extent  as  by 
Bufo  spp.  in  the  same  habitat;  they 
concluded  (p.  25)  that  “Selectivity, 
as  well  as  availability,  plays  a  role 
in  predation  ...”  Such  data  can  be 
taken  as  indications  of  food  selec¬ 
tivity,  but  it  seems  just  as  probable 
that  they  reflect  differences  in  micro- 
habitat  utilization,  times  of  feeding, 
or  foraging  behavior.  Because  of 
these  and  other  variables,  compari¬ 
sons  of  stomach  contents  are  not  the 
best  indications  of  food  preferences. 
As  stated  by  Smith  and  Bragg 
(1949:336),  “differences  in  habits 
and  movements  .  .  .  give  differential 
opportunities  for  food  capture  and 
thus  must  be  taken  into  account  in 
analyzing  stomach  contents.  Only  in 
this  way  are  we  to  avoid  ascribing 
to  food  selection  differences  in  the 
foods  eaten  which  may  be  due  onlv 
to  availability  of  the  food  objects.” 

Insects  having  aposematic  colors 
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( e.g .  wasps  of  the  family  Vespiclae) 
or  behavior,  or  those  having  noxious 
secretions  (e.g.  blister  beetles,  Meloi- 
dae ;  stinkbugs,  Pentatomidae)  are 
sometimes  acclaimed  as  being  im¬ 
mune  from  predation.  This  is  true 
only  in  a  relative  sense,  for  there  is 
no  reason  to  believe  that  such  ani¬ 
mals  are  immune  from  all  predators, 
or  that  they  always  enjoy  complete 
protection  from  any  single  predator. 
We  suspect  that  the  utilization  of 
such  insects  (Table  2)  depends  in 
large  part  on  their  availability  to 
toads ;  many  of  these  insects  are  diur¬ 
nal,  resting  in  vegetation  above 
ground  at  night,  and  hence  are  not 
often  available.  Smith  and  Bragg 
(1949:347)  noted  that  the  stings  of 
scorpions  did  not  protect  them  from 
toads,  and  that  the  outside  walls  of 
many  toad  stomachs  were  bristly 
from  the  stings  of  mound-building 
ants.  Nevertheless,  there  is  proof 
that  toads  can  learn  to  recognize  and 
refuse  to  accept  certain  kinds  of 
unpalatable  prey.  Brower  et  al. 
(1960)  demonstrated  that  B.  terres- 
tris  could  learn  to  reject  bumblebees 
and  their  robberfly  mimics ;  Cott 
(1936)  described  the  reactions  of  B. 
bufo  to  hive  bees.  Noble  (1954:415) 
“found  in  the  laboratory  that  toads 
could  learn  after  a  single  experience 
to  avoid  an  obnoxious  insect,”  but 
unfortunately  never  published  the 
details  of  his  experiments.  Haber 
(1926:208)  observed  a  toad  trying 
to  disgorge  a  stinkbug ;  it  seems  like¬ 
ly  that  many  small  but  potentially 
obnoxious  items  are  swallowed  too 
fast  for  their  properties  to  become 
apparent  to  the  toad,  but  that  larger 
objects  which  offer  difficulties  of  in¬ 
gestion  might  be  voided. 

Earthworms  are  generally  avail¬ 


able  to  toads  after  hard  rains,  but 
only  two  were  found  in  stomachs  of 
B.  w.  fowleri  in  southern  Illinois. 
Dickerson  (1937 :85)  and  Smith 
(1961:77)  indicate  that  earthworms 
are  not  very  acceptable  foods  to  cap¬ 
tive  B.  americanus  and  B.  w.  fowleri , 
respectively.  Smith  and  Bragg 
(1949:341)  thought  that  Oklahoma 
toads  (including  B.  woodhousei) 
generally  avoid  earthworms  even 
when  these  are  readily  available  in 
nature.  Thus,  there  is  some  indica¬ 
tion  for  negative  selection  of  earth¬ 
worms  by  some  species  of  toads. 
Even  a  high  degree  of  negative  selec¬ 
tion  of  earthworms  and  certain  nox¬ 
ious  insects  would  probably  have  lit¬ 
tle  important  bearing  on  the  diets  of 
toads,  when  one  considers  the  wide 
variety  and  abundance  of  acceptable 
prey. 

Geographic  Variation 

There  is  seemingly  little  geo¬ 
graphic  variation  in  major  aspects 
of  the  diet  of  Bufo  woodhousei 
fowleri.  Frequencies  of  occurrence 
of  the  major  food  groups  utilized 
in  southern  Illinois,  and  the  vicinity 
of  Athens,  Clarke  County,  Georgia 
(Bush  and  Menhinick,  1962),  are 
compared  in  Fig.  3 ;  the  differences 
are  seen  to  be  relatively  slight  and 
the  similarities  pronounced.  A  sim¬ 
ilarity  is  also  found  in  the  most  com¬ 
monly  occurring  families  of  beetles 
in  each  sample.  Bush  and  Menhinick 
(pp.  111-112)  give  as  the  most  im¬ 
portant  families  the  Carabidae,  Cur- 
culionidae,  Staphylinidae,  Elateri- 
dae,  Scarabaeidae,  Chrysomelidae, 
Coccinellidae,  and  Trogidae.  With 
the  exception  of  the  Trogidae,  which 
was  not  represented  in  the  Illinois 
sample,  these  families  fairly  well 
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Figure  3. — Comparative  utilization  of  foods  by  Bufo  woodhousei  fowleri  in 
southern  Illinois  and  northern  Georgia.  Data  for  the  latter  state  from  Bush  and 
Menhinick  (1962). 


match  the  first  eight  families  listed 
in  Table  2.  More  specific  differences 
would  undoubtedly  be  found  were 
comparable  data  available  for  lower 
taxa  (genera  and  species)  of  food 
groups.  Although  Bush  (1959)  re¬ 
ported  on  only  18  specimens,  his  data 
for  Kentucky  fowleri  are  similar  to 
the  results  from  Illinois  and  Geor¬ 
gia.  Other  authors  have  reported  on 
too  few  specimens  to  allow  reasonable 
comparison. 

Smith  and  Bragg  (1949)  studied 
a  large  sample  (560  specimens)  of 
B.  w.  woodhousei  from  Oklahoma, 
but,  unfortunately,  their  results  can¬ 
not  be  compared  directly  because  of 
our  different  methods  of  data  tabula¬ 
tion.  However,  their  volumetric  data 
suggest  that  not  only  the  same  or¬ 
ders,  but  also  the  same  families  of 
insects  as  those  recorded  for  B.  w. 
fowleri  are  of  greatest  importance. 
As  in  Illinois  and  Georgia,  Coleop- 
tera,  especially  the  Carabidae,  and 
Hymenoptera,  especially  the  Formi- 


cidae,  are  the  main  food  groups  in 
Oklahoma,  and  spiders  are  the  most 
important  of  the  non-insect  foods. 

Although  there  may  be  little  geo¬ 
graphic  variation  in  the  utilization 
of  major  food  groups  by  Bufo  ivood¬ 
housei, ,  it  seems  plausible  that  the 
effects  of  latitude,  major  vegetational 
units,  and  other  environmental  fac¬ 
tors  influence  the  variety  of  prey 
available  in  any  one  geographic  re¬ 
gion.  The  Coleoptera,  as  the  major 
food  group  and  with  its  many  fam¬ 
ilies,  offers  perhaps  the  best  test  of 
the  above  hypothesis.  Smith  and 
Bragg  (1949:336-337)  recorded  17 
families  of  Coleoptera  from  a  sam¬ 
ple  of  560  B.  w.  woodhousei  in  Ok¬ 
lahoma.;  Bush  and  Menhinick  (1962) 
reported  12  families  of  Coleoptera 
from  111  B.  w.  fowleri  in  Georgia; 
32  families  of  Coleoptera  were  found 
in  the  sample  of  504  B.  w.  fowleri 
from  southern  Illinois.  These  figures 
break  down  roughly  into  nine  stom¬ 
achs  per  coleopterous  family  for 
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Georgia,  16  stomachs  per  family  for 
Illinois,  and  33  stomachs  per  family 
for  Oklahoma.  The  Illinois  and 
Georgia  data  would  probably  become 
more  similar  at  comparable  sample 
sizes ;  the  Oklahoma  data  are  quite 
dissimilar  from  those  of  Illinois,  and 
probably  dissimilar  to  about  the 
same  magnitude  from  the  Georgia 
data  at  comparable  sample  sizes. 
Georgia  and  southern  Illinois  lie  well 
within  the  great  Eastern  Deciduous 
Forest ;  Oklahoma  lies  on  the  western 
fringe  of  this  region.  The  greater 
variety  of  prey  utilized  by  the  Geor¬ 
gia  and  Illinois  Bufo  is  taken  as  a 
reflection  of  the  greater  faunal  diver¬ 
sity  in  those  areas,  as  compared  with 
a  more  depauperate  fauna  in  the 
forest-edge  habitats  of  Oklahoma. 
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Abstract.  —  Investigation  of  aquatic 
environments  in  the  twenty-three  south¬ 
ern  counties  of  Illinois  has  yielded  217 
county  distributional  records  of  vascular 
plants.  A  short  discussion  of  geograph¬ 
ical  distributions  pertaining  primarily 
to  southern  Illinois  accompanies  the 
specimens  cited  in  the  annotated  check¬ 
list. 

Aquatic  habitats  were  investigated 
during  the  summer  of  1963,  to  up¬ 
date  and  to  extend  the  distributional 
ranges  of  hydrophytic  and  amphibi¬ 
ous  vascular  plants  in  southern  Illi¬ 
nois. 

In  this  paper,  southern  Illinois  is 
defined  as  the  twenty-three  most 
southern  counties  from  Wabash 
County  west  to  St.  Clair  County  and 
south  to  State  of  Kentucky.  Thus, 
this  part  of  the  state  at  its  greatest 
width  and  length  encompasses  an 
area  approximately  144  miles  wide 
and  106  miles  long,  giving  the  lower 
end  of  Illinois  a  wedge-shaped  ap¬ 
pearance.  These  twenty-three  coun¬ 
ties,  which  are  bordered  on  the  west 
by  the  Mississippi  River  and  on  the 
south  and  east  by  the  Ohio  and  Wa¬ 
bash  Rivers,  respectively,  comprise 
a  total  land  mass  of  9,496  square 
miles  (Fig.  1). 

Ecological  Considerations 

With  a  yearly  mean  rainfall  of  43 
(40-46)  inches  (Changnon,  1963) 


and  with  relatively  impervious  clay 
soils,  southern  Illinois  has  numerous 
natural  and  artificial  impoundments 
and  streams.  In  recent  years,  em¬ 
phasis  has  been  placed  upon  the  cre¬ 
ation  of  man-made  storage  reservoirs, 
farm  ponds,  and  lakes,  such  as  Lake 
Murphysboro,  Pounds  Hollow  Lake, 
Lake  Glendale,  Washington  County 
Conservation  Lake,  Little  Grassy 
Lake,  and  Harrisburg  North  Reser¬ 
voir.  These  recently  impounded  wa¬ 
ters  provide  an  excellent  opportunity 
for  aquatic  plants  to  extend  their 
ranges.  The  authors  concentrated 
upon  visiting  some  of  the  major 
water  areas  in  each  county.  Most 
frequently  investigated  aquatic  areas 
and  moist  supralittorals,  in  their  de¬ 
creasing  order  of  emphasis,  are  lakes, 
water-storage  reservoirs,  swamps, 
farm  ponds,  roadside  ditches,  strip 
pits,  and  an  occasional  lotic  habitat. 

Many  of  the  eutrophic  lakes  of 
southern  Illinois  often  possess  a 
similar  flora.  Associated  plants  in¬ 
clude  Nelumbo  lutea,  Polygonum 
spp.,  Potamogeton  americanus ,  Naias 
guadalupensis,  J  uncus  spp.,  Car  ex 
spp.,  Sagittaria  latifolia,  and  Cepha- 
lanthus  occidentalis  which  typically 
inhabit  long  standing  waters  and  ad¬ 
jacent  moist  shorelines  (Fig.  2). 
Newer  impoundments  (for  example, 
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Washington  County  Conservation 
Lake  and  Devil’s  Kitchen  Lake)  are 
characterized  by  pioneer  species, 
such  as  Potamogeton  diversifolius, 
Naias  minor,  Jussiaea  diffusa,  and 
the  common  emergent,  Typha  lati- 
folia. 

The  aquatic  vegetation  of  swampy 
areas  represents  a  unique  lentic  en¬ 
vironment,  since  in  no  other  com- 
munity  are  more  typically  associated 
plants  confined  to  a  single  habitat. 
Mermet  Swamp,  a  690  surface  acre 
natural  impoundment,  located  in 
Mermet  Lake  Conservation  Area 
(Massac  County),  represents  such 
a  station  which  apparently  has  not 
previously  been  botanized  with  re¬ 
spect  to  the  hydrophytic  vascular 


plants.  Some  of  the  unusual  county 
records  from  this  station  include  the 
predaceous  blatterworts  ( Utricu - 
laria  vulgaris  and  U .  gibba) ,  fan- 
wort  ( Cabomba  caroliniana) ,  and  the 
gelatinous-leaved  watershield  ( Bra - 
senia  schreberi) .  The  sponge  plant 
or  frogbit,  ( Limnobium  spongia) 
and  various  duckweeds  are  found 
drifting  on  the  stagnant  surface 
waters.  Although  present,  species 
of  Wolffia ,  Lenina,  and  Spirodela 
are  omitted  from  this  description, 
since  there  were  no  distributional 
records. 

At  Mermet,  the  American  lotus 
( Nelumbo  lutea)  dominates  the  shal¬ 
lows  and  is  slowly  encroaching  upon 
the  remaining  open  water  areas  ( Fig. 
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Figure  2. —  Looking  east  along  the  north  shore  of  Lake  Glendale  in  July. 
Lowland  vegetation  includes  the  bald  cypress  ( Taxoclium  distichum)  and  dense 
stands  of  the  common  cat-tail  ( Typha  latifolia).  The  American  lotus  ( Nelumbo 
lutea )  and  water-willow  ( Dianther  a  americana )  grow  in  the  shallow  water  areas. 
Photograph  by  Janies  E.  Ellis. 


Figure  3.  —  August  in  Mermet  Swamp.  Acres  of  flowering,  yellow  lotus  (Ne¬ 
lumbo  lutea )  cover  the  water  surface.  A  black  willow  ( Salix  nigra)  thicket  is  seen 
in  the  background.  Photograph  by  Paul  L.  Fore. 
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3).  Other  rooted  vegetation  exhibit¬ 
ing  aerial  vegetative  structures  in¬ 
cludes  the  arrowheads  ( Sagittaria 
brevirostra  and  S.  lati folia),  burhead 
( Echinodorus  cordifolius) ,  yellow 
pond-lily  ( Nuphar  advena),  and  the 
common  cat-tail  ( Typha  latifolia). 
These  amphibious  plants  not  only 
characterize,  but  also  help  define,  the 
term  “swamp”,  that  is  to  say,  an 
advanced  stage  of  lake  succession. 

A  discussion  of  the  varied  aquatic 
habitats  in  southern  Illinois  is  given 
by  Mohlenbrock,  Dillard,  and  Abney 
(1961).  For  aquatic  floristic  studies 
of  Pine  Hills  Swamp  (Union  Coun¬ 
ty),  Devil’s  Kitchen  Lake  (William¬ 
son  County),  Lake  Murphysboro 
(Jackson  County),  and  strip  mine 
waters  in  southern  Illinois,  refer  to 
Mohlenbrock  (1959),  Stookey,  Fore, 
and  Mohlenbrock  (in  press),  Mohlen¬ 
brock,  Et  A1  (in  press),  and  Bell 
(1956),  respectively. 

Distributional  Considerations 

Some  of  the  more  surprising  and 
rare  finds  made  in  the  course  of  this 
study  include  Heter  anther  a  limosa 
(second  county  record  from  Illi¬ 
nois),  Leersia  virginica  var.  ovata 
(new  Illinois  state  record  for  the 
variety),  Cabomba  car  oliniana 
(fourth  state  county  record),  and 
Potamogeton  crispus  (first  station 
in  southern  Illinois).  Other  unusual 
and  seldom  collected  aquatic  and 
amphibious  species  from  the  south¬ 
ern  third  of  Illinois  include  Sagit¬ 
taria  graminea,  Lenina  perpusilla, 
Naias  minor ,  A.  guadalupensis,  J un¬ 
cus  diffusissimus,  Wolffia  papuli- 
fera,  and  Myriophyllum  pinnatum. 
Naias  minor  is  of  particular  interest, 
since  it  was  first  discovered  in  Illi¬ 
nois  in  1963  in  Lake  Murphysboro 


(Fore  and  Mohlenbrock,  in  press). 
Subsequent  investigations  reveal  that 
this  species  is  fairly  common  and 
may  occasionally  dominate  the  sub¬ 
merged  hydric  community  as  demon¬ 
strated  by  its  occurrence  in  Harris¬ 
burg  North  Reservoir  (Saline  Coun¬ 
ty)- 

The  distributions  of  aquatic  vas¬ 
cular  plants  of  Illinois  are  enumer¬ 
ated  by  Winterringer  and  Evers 
(1961)  and  by  Jones  and  Fuller 
(1955)  in  an  earlier  publication. 
Subsequent  taxonomic  studies  by 
Mohlenbrock  and  Drapalik  (1962), 
by  Fore  and  Mohlenbrock  (in  press), 
by  DeFilipps  (1964),  and  by  Mohl¬ 
enbrock  (1963)  are  utilized  wher¬ 
ever  applicable.  On  the  basis  of  the 
previously  published  reports,  a  total 
of  217  new  county  records  (for 
southern  Illinois)  is  reported,  which 
includes  90  species,  58  genera,  and 
39  families. 

Annotated  Checklist  of 
Aquatic  Distributional  Records 

The  specimens  of  this  study  are 
on  deposit  in  the  Southern  Illinois 
University  Herbarium  (SIU).  Fore 
and  Stookey  collected  these  aquatics 
during  the  summer  of  1963 ;  their 
names  and  the  collection  dates  are 
omitted  from  this  checklist  to  pre¬ 
vent  repetition.  Reference  to  speci¬ 
mens  in  the  following  text  is  by 
italicized  numbers.  The  nomencla¬ 
ture  conforms  to  Jones  (1963).  Dis¬ 
tributional  data  apply  primarily  to 
southern  Illinois;  however,  previous¬ 
ly  published  county  records  are  not 
always  indicated. 

Equisetaceae  Rich. 

Equisetum  liyemale  L.  Tall  scouring- 

rush  is  very  common  in  moist  situa¬ 
tions. 
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County  record.  —  Jefferson:  Mt.  Ver¬ 
non  City  Reservoir,  759. 

Salviniaceae  Reichenb. 

Azolla  mexicana  Presl.  Although  some¬ 
what  rare,  this  species  is  now  known 
from  five  locations  in  southern  Illi¬ 
nois. 

County  record.  —  Franklin  :  Plum- 
field  Lake,  N.  of  Plumfield,  675  and 
strip  pit,  1  mi.  W.  of  Zeigler,  67 4. 

Taxodiaceae  Schimper 

Taxodium  distichum  (L.)  Rich.  Bald 
cypresses  are  usually  restricted  to 
counties  bordering  the  Mississippi, 
Ohio,  and  Wabash  Rivers.  This  col¬ 
lection  represents  the  northwest  limit 
of  its  distribution  in  Illinois.  How¬ 
ever,  the  occurrence  in  Washington 
County  may  not  represent  natural  dis¬ 
persion,  but  rather  establishment  by 
man. 

County  record.  —  Washington:  Nash¬ 
ville  Reservoir,  1  mi.  E.  of  Nashville, 

635. 

Typhaceae  J.  St.  Hil. 

Typha  angustifolia  L.  This  finding  rep¬ 
resents  the  fourth  station  from  the 
southern  part  of  the  state. 

County  record.  —  Jackson:  Lake  Mur- 
physboro,  504'. 

Typha  latifolia  L.  This  distinctive  emer¬ 
gent  is  abundant  in  the  shallow  waters 
and  along  the  shorelines  of  most  lakes 
and  ponds. 

County  records.  —  Edwards:  Shale 
strip  pit,  y2  mi.  S.  of  Albion,  720. 
Gallatin:  Pounds  Hollow  Lake,  5S1. 
Jefferson:  L.  &  N.  Lake,  in  Mt.  Ver¬ 
non,  758.  Massac:  Mermet  Swamp, 
558.  Perry:  Strip  pits  on  Du  Quoin 
Fair  Grounds,  620.  Wayne:  Roadside 
ditch,  1  mi.  N.  of  Wayne  City,  734  and 
temporary  roadside  pond,  3  mi.  S.  of 
Wayne  City,  769.  White:  Norris  City 
Reservoir,  705. 

Naiadaceae  Lindl. 

Naias  gnadalupensis  (Spreng.)  Magn. 
Jackson  and  Williamson  Counties  rep¬ 
resent  the  former  records  from  south¬ 
ern  Illinois  ( Winterringer  and  Evers, 
1960).  Subsequent  investigations  by 
Fore  and  Mohlenbrock  (in  press)  and 
by  the  authors  demonstrate  that  N. 
guadalupensis  frequently  inhabits  (of¬ 
ten  in  dense  stands)  older  lakes  and 
farm  ponds  in  this  part  of  the  state. 
County  records.  —  Franklin:  Lake 


Benton,  N.  of  Benton,  673 ;  West  Frank¬ 
fort  City  Lake,  near  Thompsonville, 
672;  and  Moses  Lake,  W.  of  Benton, 
671.  Hamilton:  Jay’s  Lake,  692  and 
McLeansboro  City  Reservoir,  691.  Jef¬ 
ferson:  Bluford  Lake,  757  and  Mt. 
Vernon  Reservoir,  301.  Johnson:  Vi¬ 
enna  City  Reservoir,  545.  Perry:  Du 
Quoin  Reservoir,  304  and  Lake  Sal- 
lateeska,  5  mi.  N.  of  Pinckneyville, 
618.  Pope:  Lake  Glendale,  302.  Ran¬ 
dolph:  Henderson’s  Lake,  near  Spar¬ 
ta,  651  and  Coulterville  Reservoir,  303. 
St.  Clair:  Forest  Park  Inn  Lake,  1 
mi.  NW.  of  Tilden,  638.  White:  Sandy 
Run  Lake,  4  mi.  S.  of  Norris  City,  7 04- 

Naias  minor  All.  All  stations  for  the 
Eurasian  naiad  are  located  in  south¬ 
ern  Illinois,  where  it  was  previously 
reported  from  two  lakes  in  Jackson 
and  Williamson  Counties  (Stookey, 
Fore,  and  Mohlenbrock,  in  press).  At 
present,  N.  minor  exhibits  a  rather 
compact  distribution,  since  it  is  known 
from  eleven  stations  located  in  nine 
adjoining  counties.  Investigation  of 
submerged  habitats  in  northern  Illi¬ 
nois  may  greatly  extend  its  present 
range. 

County  records.  —  Franklin:  West 
Frankfort  City  Lake,  y2  mi.  S.  of 
Thompsonville,  670  and  West  Frank¬ 
fort  Reservoir,  near  West  Frankfort, 
669.  Gallatin:  Pounds  Hollow  Lake, 
580.  Hamilton:  McLeansboro  Reser¬ 
voir,  690  and  Jay’s  Lake,  689.  Jeffer¬ 
son:  Mt.  Vernon  Reservoir,  755.  John¬ 
son:  Vienna  Reservoir,  544-  Pope: 
Lake  Glendale,  564 -  Saline:  Harris¬ 
burg  North  Reservoir,  1  mi.  E.  of 
Galatia,  5SS. 

Potamogetonaceae  Engler 

Potamogeton  americanus  C.  &  S.  The 
distribution  of  this  species  is  state¬ 
wide;  it  is  probably  abundant  in  suit¬ 
able  waters  in  every  Illinois  county. 
County  records.  —  Franklin:  West 
Frankfort  City  Lake,  668.  Perry: 
Pyatts  strip  pits,  617  and  strip  pit, 
Du  Quoin  State  Fair  Grounds,  615. 
Saline:  Harrisburg  North  Reservoir, 
587.  St.  Clair:  Forest  Park  Inn  Lake, 
1  mi.  NW.  of  Tilden,  637.  Washing¬ 
ton:  Washington  County  Conserva¬ 
tion  Lake,  634. 

Potamogeton  crispus  L.  This  is  the  first 
collection  of  this  native  of  Europe 
from  the  southern  half  of  the  state. 
County  record.  —  Edwards:  Limestone 
quarry  pond,  y2  mi.  S.  of  Albion,  719. 

Potamogeton  diversifolius  Raf.  This  pi- 
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oneer  aquatic  inhabits  most  lakes  in 
southern  Illinois. 

County  records.  — Franklin:  West 
Frankfort  Reservoir,  661.  Gallatin: 
Pounds  Hollow  Lake,  519.  Hamilton: 
In  creek,  2  mi.  S.  of  Keene,  688  and 
Frey  Lake,  1  mi.  W.  of  Belle  Prairie, 
681.  Massac:  Meimet  Swamp,  551. 
Perry:  Lake  Sallateeska,  5  mi.  N.  of 
Pinckney ville,  614.  Wayne:  Roadside 
pond,  5  mi.  E.  of  Fairfield,  133.  White: 
Sandy  Run  Lake,  4  mi.  S.  of  Norris 
City,  10o. 

Potamogeton  foliosus  Raf.  Chiefly  occur¬ 
ring  in  the  northern  part  of  the  state, 
this  species  is  now  known  from  six 
southern  counties. 

County  records.  —  Jefferson:  Jaycee 
Lake,  N.  of  Mt.  Vernon,  154.  John¬ 
son:  Stone  quarry,  N.  of  Vienna,  543. 
Pope:  LaKe  Glendale,  563.  Washing¬ 
ton:  Washington  County  Conserva¬ 
tion  Lake,  633. 

Potamogeton  pectinatus  L.  In  addition 
to  the  previously  reported  stations  in 
St.  Clair  and  Wabash  Counties,  the 
Perry  County  collection  represents  the 
most  southern  range  extension  of  this 
species  in  Illinois. 

County  record.  —  Perry:  Pinckney- 
viile  Reservoir,  613. 

Potamogeton  pusillus  L.  This  aquatic 
was  thought  to  have  a  sparce  distribu¬ 
tion  throughout  southern  Illinois, 
since  it  was  previously  lecorded  only 
from  Wabash  and  St.  Clair  localities. 
The  discovery  of  P.  pusillus  in  John¬ 
son  County  represents  the  southern 
limit  of  its  Illinois  distribution. 
County  records.  —  Edwards:  Shale 
strip  pit,  y2  mi.  S.  of  Albion,  118. 
Franklin:  Lake  Benton,  N.  of  Ben¬ 
ton,  666.  Hamilton:  Jay’s  Lake,  686. 
Jackson  :  Lake  Murphysboro,  503. 
Johnson:  Fern  Clyffe  Lake,  443 .  Per¬ 
ry:  Du  Quoin  Reservoir,  612.  Wash¬ 
ington:  Washington  County  Conser¬ 
vation  Lake,  632. 

Alismaceae  DC. 

Alisma  subcor datum  Raf.  This  species 
is  widely  distributed  throughout  Illi¬ 
nois. 

County  records. — Jefferson:  Mt.  Ver¬ 
non  City  Reservoir,  153;  L.  &  N. 
Lake,  Mt.  Vernon,  152.  Perry:  Du 
Quoin  Reservoir,  611.  Pulaski:  Cache 
River  near  Perks,  539.  Saline:  Har¬ 
risburg  North  Reservoir,  586.  Wash¬ 
ington:  Ashley  City  Reservoir,  631. 
Wayne:  In  creek,  2  mi.  S.  of  Keene, 
732. 


Echinodorus  cordifolius  (L.)  Griseb. 
The  collection  from  Big  Lake  in  Gal¬ 
latin  County  denotes  the  first  dis- 
coveiy  of  this  aquatic  from  a  south¬ 
eastern  border  county. 

County  records.  —  Alexander:  Horse¬ 
shoe  Lake,  531.  Gallatin:  Big  Lake, 

2  mi.  NE.  of  Old  Shawneetown,  518. 
Massac:  Mermet  Swamp,  556. 

Sagittaria  brevirostra  Mack.  &  Bush. 
The  collections  from  Massac,  Pope, 
and  Gallatin  Counties  are  the  first 
recorded  stations  from  those  counties 
adjacent  to  the  Ohio  River. 

County  records.  —  Gallatin:  Big 
Lake,  2  mi.  NE.  of  Old  Shawneetown, 
511.  Massac:  Meimet  Swamp,  1  mi. 
SW.  of  Mermet,  555.  Monroe:  More- 
dock  Lake,  N.  of  Valmeyer,  643.  Per¬ 
ry:  Du  Quoin  Reservoir,  610.  Pope: 
Lake  Glendale,  2  mi.  N.  of  Dixon 
Springs  State  Park,  562.  Wayne: 
Roadside  ditch,  1  mi.  N.  of  Wayne 
City,  131.  White:  Roadside  ditch, 

3  mi.  S.  of  Norris  City,  102. 

Sagittaria  calycinus  Engelm.  Only  three 

stations  (St.  Clair,  Jackson,  and  Alex¬ 
ander  Counties)  were  previously  listed 
for  this  arrowhead  in  southern  Illi¬ 
nois. 

County  records.  —  Franklin:  West 
Frankfort  City  Lake,  665  and  tempo¬ 
rary  farm  pond,  3  mi.  N.  of  Tlrompson- 
ville,  664-  Hamilton:  Jay’s  Lake,  SW. 
of  McLeansboro,  685.  Jefferson:  Blu- 
ford  Lake,  2  mi.  SE.  of  Bluford,  151. 
Perry:  Pinckneyville  Reservoir,  609. 
Pulaski:  Cache  River  bottoms,  about 

2  mi.  S.  of  Perks,  538.  Randolph: 
Coulterville  Reservoir,  near  Coulter- 
ville,  641 .  Saline:  Harrisburg  North 
Reservoir,  585.  Wabash:  Farm  pond, 

4  mi.  W  of  Mt.  Carmel,  101.  Wash¬ 
ington:  Nashville  Reservoir,  630. 

Sagittai'ia  graminea  Michx.  This  is  the 
first  known  station  for  this  lowland 
species  in  the  southeastern  half  of 
Illinois. 

County  record.  —  Pope:  Lake  Glen¬ 
dale,  561. 

Sagittaria  latifolia'  Willd.  The  common 
arrowhead  inhabits  the  margins  of 
lakes,  farm  ponds,  and  ditches. 
County  records.  —  Massac:  Mermet 
Swamp,  554-  Monroe:  Gilmore  Lake, 

3  mi.  S.  of  Columbia,  642.  Pope:  Lake 
Glendale,  560.  Randolph:  Coulterville 
Reservoir,  61/8. 

Hydrocharitaceae  Ascliers. 

Limnobium  spongia  (Bose)  Steud.  This 
floating  species  was  previously  de¬ 
scribed  from  swampy  and  stagnant 
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habitats  in  Union  and  Alexander  Coun¬ 
ties  (Mohlenbrock,  1959).  Southern  Il¬ 
linois  is  one  of  the  northern  range 
limits  of  this  species,  which  is  pri¬ 
marily  restricted  to  the  southeastern 
United  States  (Fernald,  1950). 

County  records.  —  Massac:  Mermet 
Swamp  near  Mermet,  553.  Pulaski: 
Cache  River  bottoms  near  Perks,  537. 

Gramineae  Juss. 

Leersia  virginiea  Willd.  var.  ovata 
(Poir.)  Fern.  This  collection  is  a  state 
record  for  variety  ovata ,  but  it  falls 
within  its  reported  range  from  Maine 
to  Minnesota,  south  to  Texas  and  Geor¬ 
gia  (Fernald,  1950). 

County  record.  —  White:  Roadside 
ditch,  3  mi.  S.  of  Norris  City,  701. 
Uniola  latifolia  Michx.  This  species  is 
quite  common  in  the  southern  half  of 
the  state. 

County  records.  —  Hamilton:  Road¬ 
side  ditch,  3  mi.  N.  of  McLeansboro, 
68V  Wayne:  Roadside  ditch,  3  mi.  S. 
of  Wayne  City,  7 00. 

Cyperaceae  J.  St.  Hil. 

Bulbostylis  capillaris  (L.)  C.  B.  Clarke. 
The  only  species  of  BuVbostylis  in  Illi¬ 
nois  has  an  even  distribution  (Mohlen¬ 
brock,  1963). 

County  record. — Perry:  Pinckney ville 
Reservoir,  607. 

Car  ex  frankii  Kunth.  Common. 

County  record.  —  Franklin:  Strip  pit, 
1  mi.  W.  of  Zeigler,  663. 

Car  ex  grayii  Carey.  Wide  distribution. 
County  record.  —  White:  Roadside 
ditch,  3  mi.  S.  of  Norris  City,  699. 
Carex  lupuliformis  Sartw.  This  species 
has  a  sporadic  distribution  throughout 
Illinois. 

County  record.  —  Franklin:  Railroad 
embankment,  1  mi.  N.  of  Zeigler,  662. 
Carex  muhlenbergii  Sclrk.  Very  common. 
Count j  record.  —  Washington :  Ash¬ 
ley  City  Reservoir,  629. 

Carex  normalis  Mack.  Previously,  only 
four  southern  Illinois  stations  were 
listed  as  records. 

County  record.  —  Franklin:  Strip  pit, 
1  mi.  W.  of  Zeigler,  661. 

Cyperus  aristatus  Rottb.  This  species 
commonly  inhabits  moist  stream 
banks. 

County  record.  —  Wabash:  Wabash 
River,  shoreline,  at  Mt.  Carmel,  706. 
Cyperus  erythrorhizos  Mulrl.  Common. 
County  record.  —  Perry:  Du  Quoin 
Reservoir,  606. 

Eleocharis  acicularis  (L. )  Roem.  and 
Schultes.  Mohlenbrock  and  Drapalik 


(1962)  record  this  species  from  five 
counties  in  southern  Illinois. 

County  records.  —  Jefferson:  Jaycee 
Lake,  near  Mt.  Vernon,  750.  Monroe: 
Gilmore  Lake,  3  mi.  S.  of  Columbia, 
61/1.  Perry:  Du  Quoin  Reservoir,  605. 
Pope:  Lake  Glendale,  moist  shore¬ 
line,  559.  Wayne:  Fairfield  Reservoir, 
730  and  roadside  ditch,  3  mi.  S.  of 
Wayne  City,  729.  White:  Sandy  Run 
Lake,  4  mi.  S.  of  Norris  City,  698. 

Eleocharis  erythropoda  Steud.  Localities 
in  Wabash  and  Massac  Counties  rep¬ 
resent  the  two  previously  known  dis¬ 
tributional  records  from  southern 
Illinois. 

County  records.  —  Hardin:  On  the 
banks  of  Ohio  River  at  Elizabethtown, 
659.  Jackson:  Lake  Murphysboro, 
along  shoreline,  502.  Washington: 
Nashville  Reservoir,  628. 

Eleocharis  obtusa  (Willd.)  Schultes  var. 
obtusa  (Roth)  Drap.  and  Mohl.  Jef¬ 
ferson  County  is  now  the  only  uncol¬ 
lected  county  in  southern  Illinois  for 
this  common  species  (Mohlenbrock 
and  Drapalik,  1962). 

County  records.  —  Randolph  :  Coul- 
terville  Reservoir,  dip.  Saline:  Har¬ 
risburg  North  Reservoir,  2  mi.  E.  of 
Galatia,  581/.  Washington:  Ashley 
City  Reservoir,  627. 

Fimbristylis  autumnalis  (L.)  Roem.  and 
Schultes.  This  amphibious  species  is 
commonly  found  around  the  moist 
shorelines  of  lakes  and  of  streams. 
County  records.  —  Edwards:  Moose 
Lake,  3  mi.  N.  of  Albion,  717.  Hamil¬ 
ton:  Temporary  roadside  ditch,  3  mi. 
N.  of  McLeansboro,  683  and  Frey  Lake, 
1  mi.  W.  of  Belle  Prairie,  682.  Perry: 
Pinckneyville  Reservoir,  601/.  Ran¬ 
dolph:  Sparta  Country  Club  Lake, 
61,6. 

Scirpus  cyperinus  (L.)  Kunth.  Common. 
County  record.  —  Hamilton:  Tempo¬ 
rary  roadside  ditch,  3  mi.  N.  of  Mc- 
leansboro,  681. 

Lemnaceae  Dumort. 

Lenina  minor  L.  This  floating  aquatic 
inhabits  the  shallow  littoral  of  many 
lakes  and  swamps. 

County  records.  —  Gallatin:  Around 
the  shore  of  Big  Lake,  575.  Jeffer¬ 
son:  L.  &  N.  Lake,  Mt.  Vernon,  71,7 
and  Bluford  Lake,  71/6.  Pulaski: 
Cache  River  bottoms,  near  Perks, 
swampy  area,  536.  Saline:  Floating 
among  dense  stands  of  Typha,  Har¬ 
risburg  North  Reservoir,  583. 

Lemna  perpusilla  Torr.  This  rare  duck¬ 
weed  has  a  sporadic  distribution 
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throughout  Illinois.  These  two  col¬ 
lections  represent  the  third  and  fourth 
county  records  from  southern  Illinois. 
County  records.  —  Monroe:  Moredock 
Lake,  near  Valmeyer,  6Jt0.  Wayne:  In 
roadside  ditch,  1  mi.  E.  of  Fairfield, 
728. 

Spirodela  polyrhiza  (L.)  Schleid.  The 
Gallatin  location  marks  the  first  sta¬ 
tion  from  a  southeastern  border  coun¬ 
ty.  However,  this  species  is  fairly 
common  and  is  recorded  from  most 
southwestern  counties. 

County  records.  —  Franklin  :  Strip 
pit,  1  mi.  W.  of  Zeigler,  660.  Galla¬ 
tin:  Big  Lake,  N.  of  Shawneetown, 
576.  Jefferson:  Bluford  Lake,  2  mi. 
SE.  of  Bluford,  7 49  and  L.  &  N.  Lake 
in  Mt.  Vernon,  7J8. 

Wolffia  papulifera  C.  H.  Thompson.  This 
tiny  aquatic  was  listed  previously  from 
Union  and  Alexander  Counties.  Frank¬ 
lin  and  Monroe  localities  represent 
the  eighth  and  ninth  collections  from 
Illinois. 

County  records.  —  Franklin:  Plum- 
field  Lake,  659.  Monroe:  Steppig 
Lake,  near  Columbia,  639. 

Pontederiaceae  Dumort. 

Heteranthera  limosa  (Sw.)  Willd.  St. 
Clair  County  represented  the  only 
county  record  for  this  rare  species  in 
Illinois,  where  it  was  collected  near 
East  St.  Louis  in  1877,  1896,  and  1947 
(Jones  and  Fuller,  1955).  The  finding 
of  this  native  of  tropical  America  in 
Hardin  County  is  quite  surprising,  be¬ 
cause  of  its  disjunct  state  distribution. 
However,  mud  plantain  does  exist 
within  its  previously  reported  United 
States  range  from  Kentucky  to  Min¬ 
nesota,  south  to  New  Mexico  and  Flori¬ 
da. 

County  record.  —  Hardin:  Temporary 
farm  pond,  Hywy.  June.  146  and  1,  2 
mi.  N.  of  Cave-In-Rock,  568. 

Juncaceae  Vent. 

Juncus  acuminatus  Michx.  Widespread 
distribution  throughout  Illinois;  fair¬ 
ly  common. 

County  records.  —  Edwards:  Along 
shoreline  of  Moose  Lake,  3  mi.  N.  of 
Albion,  716.  Randolph:  Coulterville 
Reservoir,  645. 

Juncus  diffusissimus  Buckl.  This  un¬ 
common  species  is  restricted  to  the 
southern  third  of  the  state.  Prior  to 
this  finding,  it  was  collected  in  1952 
in  Lawrence  (County  immediately 
north  of  Wabash)  and  in  1953  and 


1956  from  two  stations  in  Jackson 
County  (DeFilipps,  1964). 

County  record.  —  Jefferson:  Moist 
soil  around  Mt.  Vernon  City  Reservoir, 
7 45. 

Juncus  nodatus  Coville.  Winterringer 
and  Evers  (1960)  list  this  species 
from  only  five  other  localities  in  south¬ 
ern  Illinois. 

County  records.  —  Franklin:  Benton 
Lake,  658.  Jefferson:  Jaycee  Lake, 
N.  of  Mt.  Vernon,  7 44-  Wayne:  Fair- 
field  Reservoir,  727. 

Saururaceae  Lindl. 

Saururus  cernuus  L.  Lizard’s  tail  is 
locally  abundant  along  moist  shore¬ 
lines  and  roadside  ditches  and  has  a 
wide  range  distribution. 

County  records.  —  Jefferson:  Road¬ 
side  ditch,  4  mi.  S.  of  Mt.  Vernon 
along  Route  37,  7 43.  White:  Sandy 
Run  Lake,  4  mi.  S.  of  Norris  City, 
697. 

Salicaceae  Lindl. 

Populus  deltoides  Marsh.  This  lowland 
tree  is  found  throughout  the  state. 
County  record.  - — -  Jefferson:  Jaycee 
Lake,  N.  of  Mt.  Vernon,  742. 

Salix  caroliniana  Michx.  Being  restrict¬ 
ed  to  the  lower  half  of  the  state,  Jones 
and  Fuller  (1955)  record  this  willow 
only  from  St.  Clair  and  Madison  (im¬ 
mediately  north  of  St.  Clair)  Counties. 
County  record.  —  Jackson:  Lake  Mur- 
physboro,  501. 

Salix  nigra  Marsh.  The  black  willow  is 
now  recorded  in  southern  Illinois  from 
all  counties,  except  Hardin. 

County  record.  —  Edwards:  Shale 
strip  pit,  V2  nri.  S.  of  Albion,  715. 

Betulaceae  Agardh 

Betula  nigra  L.  River  birch  is  restricted 
chiefly  to  the  western  and  southern 
parts  of  Illinois. 

County  record.  —  Gallatin:  Big  Lake, 
2  mi.  NE.  of  Old  Shawneetown,  574s 

Aristolochiaceae  Blume 

Aristolochio  serpentaria  L.  This  rare 
species,  Virginia  snakeroot,  is  primar¬ 
ily  restricted  to  the  southern  half  of 
Illinois. 

County  record.  —  Pulaski:  Cache 
River  bottom,  near  Perks,  535. 

Polygonaceae  Lindl. 

Polygonum  coccineu?n  Muhl.  This  scar- 
let-colored  smartweed  is  very  common 
and  widely  dispersed. 
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County  records.  —  Gallatin:  Pounds 
Hollow  Lake,  573.  Massac:  Mermet 
Swamp,  1  mi.  SW.  of  Mermet,  552. 

Polygonum  hydropiperoides  Michx.  This 
species  commonly  grows  either  in  wet 
soil  or  in  water. 

County  record.  —  Perry:  Around  strip 
pits  on  Du  Quoin  Fair  Grounds,  603. 

Polygonum  lapathifolium  L.  This  species 
is  widely  distributed  throughout  Illi¬ 
nois. 

County  record.  —  Johnson:  Along 
shoreline  of  Vienna  Reservoir,  51,3. 

Polygonum  pennsylvanicum  L.  Abun¬ 
dant. 

County  records.  —  Perry:  Pinckney- 
ville  City  Reservoir,  602.  Wayne: 
Roadside  ditch,  3  mi.  S.  of  Wayne 
City,  726. 

Polygonum  persicaria  L.  Lady’s  thumb 
is  commonly  found  growing  in  wet 
roadside  ditches. 

County  record.  — -  White:  Roadside 
ditch,  3  mi.  S.  of  Norris  City,  696. 

Polygonum  sagittatum  L.  This  uncom¬ 
mon  species  is  now  known  from  nine 
southern  Illinois  counties. 

County  records.  —  Edwards:  Moose 
Lake,  111/.  Jefferson:  Bluford  Lake, 
77/ 1  and  L.  &  N.  Lake  in  Mt.  Vernon, 
71,0. 

Rumex  verticillatus  L.  Prefers  moist 
conditions;  common. 

County  record.  —  Wayne:  Moist  creek 
bed,  2  mi.  S.  of  Keene,  725. 

Cabombaceae  A.  Gray 

Brasenia  schreberi  Gmel.  Only  Wabash, 
Franklin,  and  Union  localities  were 
previously  listed  as  distributional  rec¬ 
ords;  rare. 

County  records.  —  Massac:  Mermet 
Swamp,  551.  Williamson:  Madison 
Pond,  near  Blairsville,  591,. 

Cabomba  caroliniana  A.  Gray.  Winter- 
ringer  and  Evers  (1960)  listed  this 
submerged  aquatic  from  a  single  Illi¬ 
nois  station  in  Moses  Lake,  Franklin 
County.  However,  fanwort  was  col¬ 
lected  in  1952  from  Union  County 
[Wolf  Lake,  near  bridge  to  powder 
plant,  Bailey  &  Swayne  2555  (SIU)  I 
and  in  1961  from  Williamson  County 
[Mine  Pond  12  near  Cambria,  Dillard 
s.n.  (SIU)].  The  station  in  Mermet 
Swamp  represents  the  fourth  Illinois 
county  record  for  this  unusual  species. 
County  record.  — -  Massac:  Mermet 
Swamp,  1  mi.  SW.  of  Mermet,  550. 

Nelumbonaceae  Lindl. 

Nelumbo  lutea  (Willcl.)  Pers.  The  Amer¬ 
ican  lotus  is  widespread  and  common¬ 


O  r 

ly  found  in  the  shallow  waters  of  most 
of  the  older  aquatc  habitats  in  south¬ 
ern  Illinois. 

County  records.  —  Edwards:  Moose 
Lake,  3Y2  mi.  N.  of  Albion,  713. 
Franklin:  West  Frankfort  City  Lake, 
657.  Johnson:  Roadside  ditch,  y2  mi. 
E.  of  Vienna  along  Hywy.  146,  51,0. 
Massac:  Mermet  Swamp,  51,9. 

Nymphaeaceae  DC. 

Nuphar  advena  Ait.  This  emergent  spe¬ 
cies  is  usually  restricted  to  sheltered 
lake  shores  and  to  slow  moving 
streams;  common. 

County  records.  —  Franklin:  Strip 
pit,  1  mi.  W.  of  Zeigler,  556.  Hamil¬ 
ton:  Frey  Lake,  1  mi.  W.  of  Belle 
Prairie,  680.  Hardin:  Temporary 
farm  pond,  1  mi.  W.  of  Hywy.  June. 
146  and  1,  567.  Massac:  Mermet 
Swamp,  51,8.  White:  Sandy  Run 
Lake,  4  mi.  S.  of  Norris  City,  593. 

Ceratophyl  laceae  A.  Gray 

Ceratophyllum  clemersum  L.  Coontail  is 
primarily  restricted  to  the  western 
counties  of  southern  Illinois;  locally 
abundant. 

County  records.  —  Jefferson:  Mt. 
Vernon  City  Reservoir,  739.  Perry: 
Du  Quoin  Fair  Grounds,  strip  pits, 
601.  Pulaski:  Cache  River,  S.  of 
Perks,  531,. 

Cruciferae  B.  Juss. 

Rorippa  sinuata  (Nutt.)  Hitchc.  In 
southern  Illinois,  this  species  usually 
inhabits  moist  river  banks;  sparce 
distribution. 

County  record.  —  Hardin:  Along  the 
shore  of  the  Ohio  River  at  Elizabeth¬ 
town,  566. 

Crassulaceae  DC. 

Penthorum  sedoides  L.  Ditch  stonecrop 
is  now  known  from  all  twenty-three 
southern  counties,  except  Randolph. 
County  records.  —  Edwards:  Moose 
Lake,  3 x/2  mi.  N.  of  Albion,  712.  Per¬ 
ry:  Du  Quoin  Reservoir,  600.  Union: 
LaRue  Swamp,  V+  mi.  N.  of  Pine  Hills 
Field  Station,  505. 

Euphorbiaceae  J.  St.  Hil. 

Chamaesyce  maculata  (L.)  Small.  Gal¬ 
latin  County  is  the  only  location  in 
southern  Illinois  in  which  this  com¬ 
mon  lowland  plant  is  not  now  listed 
as  a  distributional  record. 

County  record.  —  White:  Sandy  Run 
Lake,  4  mi.  S.  of  Norris  City,  592. 
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Hypericaceae  Lindl. 

Hypericum  mutilum  L.  Fairly  common 
in  the  southern  half  of  the  state. 
County  record.  —  Wayne:  Roadside 
ditch,  1  mi.  N.  of  Wayne  City,  7 2’t. 

Lythraceae  Lindl. 

Ammannia  coccinea  Rottb.  This  species 
is  now  listed  as  occurring  in  every 
southern  Illinois  county. 

County  records.  —  Franklin  :  Moses 
Lake,  655  and  Lake  Benton,  6  i).  Jef¬ 
ferson:  Mt.  Vernon  Reservoir,  738. 
Saline:  Harrisburg  North  Reservoir, 
582.  Wayne:  Roadside  ditch,  1  mi.  N. 
of  Wayne  City,  723. 

Rotala  ramosior  (L.)  Koehne.  Tootli- 
cup  is  widely  distributed  throughout 
the  southern  part  of  Illinois. 

County  records.  —  Edwards:  Moose 
Lake,  3Y2  mi.  N.  of  Albion,  711.  Ham¬ 
ilton:  Roadside  ditch,  3  mi.  N.  of 
McLeansboro,  679  and  McLeansboro 
Reservoir,  678.  Jefferson:  Jaycee 
Lake,  N.  of  Mt.  Vernon,  737.  Perry: 
Pinckneyville  Reservoir,  599.  Ran¬ 
dolph:  Coulterville  Reservoir,  64\. 

Wayne:  Fairfield  Reservoir,  722. 

Onagraceae  Dumort. 

Jussiaea  decurrens  (Walt.)  DC.  This 
species  is  apparently  restricted  to 
southern  Illinois  where  is  is  now  re¬ 
corded  from  eight  counties. 

County  record.  —  Gallatin:  Pounds 
Hollow  Lake,  572. 

Jussiaea  diffusa  Forsk.  Water  primrose 
commonly  inhabits  lakes  and  farm 
ponds  in  this  half  of  Illinois. 

County  records.  —  St.  Clair:  Forest 
Park  Inn  Lake,  1  mi.  NW.  of  Tilden, 
636.  Washington:  Washington  Coun¬ 
ty  Conservation  Lake,  626.  White: 
Sandy  Run  Lake,  4  mi.  S.  of  Norris 
City,  695.  Williamson:  Devil’s  Kitch¬ 
en  Lake,  591. 

Ludwigia  alternifolia  L.  Wide  distribu¬ 
tion;  extremely  common. 

County  records.  —  Alexander:  Tem¬ 
porary  pond,  2  mi.  W.  of  Tamms,  530. 
Gallatin:  Pounds  Hollow  Lake,  571. 
Washington:  Nashville  City  Reser¬ 
voir,  625. 

Haloracaceae  Horan. 

Myriophyllum  pinnatum  (Walt.)  BSP. 
The  main  distribution  of  this  aquatic 
is  in  the  western  half  of  Illinois.  Win- 
terringer  and  Evers  (1960)  list  this 
species  only  from  St.  Clair  and  Ran¬ 


dolph  stations  in  southern  Illinois; 
very  rare. 

County  records.  —  Perry:  Pyatts  strip 
pits,  598.  Williamson:  Pond,  2  mi. 
W.  of  Johnson  City,  590. 

Primulaceae  Vent. 

Lysimachia  nummularia  L.  Moneywort 
is  commonly  found  around  the  damp 
shorelines  of  lakes  and  ponds. 

County  records.  —  Jefferson:  L.  & 
N.  Lake  in  Mt.  Vernon,  736.  Wash¬ 
ington:  Ashley  City  Reservoir,  6 2 If. 

Asclepiadaceae  Lindl. 

Asclepias  incarnata  L.  Swamp  milkweed 
inhabits  moist  soils;  wide  Illinois  dis¬ 
tribution. 

County  record.  —  Alexander:  In 
moist  shoreline  soil  around  Horse¬ 
shoe  Lake,  506. 

Convolvulaceae  Vent. 

Cuscuta  cuspidata  Engelm.  The  Perry 
station  represents  the  sixth  collection 
from  southern  Illinois. 

County  record.  —  Perry:  Du  Quoin 
Reservoir,  59 7. 

Labiatae  Juss. 

Lycopus  americanus  Muhl.  This  common 
herb  is  abundant  in  all  parts  of  the 
state;  it  has  now  been  collected  from 
every  southern  Illinois  county. 
County  records.  —  Hamilton:  Mc¬ 
Leansboro  Reservoir,  769.  Johnson: 
Swamp  along  Hywy.  146,  y2  mi.  E.  of 
Grantsburg,  786.  Perry:  Strip  pits 
located  cn  Du  Quoin  Fair  Grounds, 
773. 

Lycopus  virginicus  L.  This  species  is 
sparsely  distributed  in  southern  Illi¬ 
nois. 

County  records.  —  Franklin:  Lake 
Benton,  along  moist  shoreline,  653. 
Jefferson:  L.  &  N.  Lake  in  Mt.  Ver¬ 
non,  735.  White:  Sandy  Run  Lake, 
694. 

Scrophulariaceae  Lindl. 

Bacopa  rotundifolia  (Miclix.)  Wettst. 
This  species  is  not  uncommon  in  the 
southern  tip  of  the  state,  but  it  be¬ 
comes  increasingly  sporadic  in  occur¬ 
rence  to  the  north. 

County  records.  —  Pulaski:  Moist 
roadside  ditch,  2  mi.  N.  of  Albion,  533. 
Williamson:  Devil’s  Kitchen  Lake, 
589. 

Gferardia  gattingeri  Small.  This  species 
has  a  scattered  distribution  in  the 
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northern  two-thirds  of  Illinois,  but  it 
is  more  frequent  in  occurrence  in  the 
southern  end  of  the  state. 

County  records.  —  Hamilton:  Tem¬ 
porary  roadside  ditch,  3  mi.  N.  of 
McLeansboro,  677.  Perry:  Lake  Sal- 
lateeska,  N.  of  Pinckneyville,  596. 
Pulaski:  Cache  River,  near  Perks, 
532. 

Gratiola  neglecta  Torr.  This  species, 
which  inhabits  the  moist  margins  of 
ponds  and  lakes,  has  now  been  dis¬ 
covered  in  all  but  three  counties  in 
southern  Illinois. 

County  records.  —  Gallatin:  Pounds 
Hollow  Lake,  768.  Washington:  Nash¬ 
ville  City  Reservoir,  623. 

Acanthaceae  J.  St.  Hil. 

Ruellia  pedunculata  Torr.  The  range  of 
this  coastal  species  is  restricted  to  the 
southern  third  of  the  state,  which  rep¬ 
resents  the  northern  limit  of  its  south¬ 
ern  distribution  (Fernald,  1950). 
County  record.  —  Washington:  Wash¬ 
ington  County  Conservation  Lake,  622. 

Lentibulariaceae  Lindl. 

Utricularia  gibba  L.  In  Illinois,  this 
bladderwort  is  confined  to  the  western 
and  southern  borders  of  southern  Illi¬ 
nois  and  to  the  extreme  northeast 
corner  of  the  state.  The  apparent  gaps 
in  range  throughout  eastern  and  cen¬ 
tral  portions  of  the  state  probably  are 
attributable  to  the  lack  of  suitable 
semi-stagnant,  aquatic  habitats. 
County  record.  —  Massac:  Mermet 
Swamp,  1  mi.  SW.  of  Mermet,  54 7. 

Utricularia  vulgaris  L.  This  submerged 
aquatic  has  a  sporadic  distribution  in 
Illinois  and  has  previously  been  re¬ 
ported  from  only  two  southern  sta¬ 
tions  located  in  St.  Clair  and  Union 
Counties. 

County  record.  —  Massac:  Mermet 
Swamp,  1  mi.  SW.  of  Mermet,  546. 

Bignoniaceae  Pers. 

Campsis  radicans  (L.)  Seem.  Collections 
of  the  trumpet-creeper  are  now  record¬ 
ed  from  twenty  of  the  twenty-three 
southern  Illinois  counties. 

County  record.  —  Perry:  Pickneyville 
Reservoir,  595. 

Rubiaceae  B.  Juss. 

Ceplialanthus  occidentalis  L.  Buttonbusli 
is  quite  common  around  the  shores 
of  most  aquatic  habitats.  It  is  now 


known  from  all  twenty-three  of  the 
southern  counties. 

County  record.  —  Gallatin:  Big  Lake, 
2  mi.  NE.  of  Old  Shawneetown,  570. 

Compositae  P.  F.  Gmel. 

Bidens  comosa  (A.  Gray)  Wieg.  Beggar- 
ticks  inhabit  moist  lowlands  through¬ 
out  the  state;  it  is  now  known  from 
nine  southern  Illinois  counties. 
County  record.  —  Wayne:  Fairfield 
Reservoir,  7 21. 

Bidens  frondosa  L.  Widespread  Illinois 
distribution. 

County  record.  —  Edwards:  Moose 
Lake,  314  mi.  N.  of  Albion,  709  and 
shale  strip  pit,  U2  mi.  S.  of  Albion, 
70S. 

Bidens  polylepis  Blake.  This  species  oc¬ 
curs  throughout  Illinois,  but  it  ap¬ 
pears  to  be  most  abundant  in  the 
southern  fourth  of  the  state. 

County  record.  —  Washington:  Nash¬ 
ville  Reservoir,  621. 

Bidens  vulgata  Greene.  Sporadic  distri¬ 
bution  throughout  southern  Illinois; 
not  common. 

County  record.  —  Edwards:  Moose 
Lake,  3%  mi.  N.  of  Albion,  710. 

Mikania  scandens  (L.)  Willd.  Climbing 
liempweed  is  known  to  extend  into 
Illinois  as  far  north  as  Lawience  Coun¬ 
ty  (immediately  north  of  Wabash 
County).  The  Franklin  County  record 
represents  the  sixth  Illinois  station. 
County  record.  —  Franklin:  Strip  pit, 
1  mi.  W.  of  Zeigler,  652. 

Xantkium  commune  Britt.  Widespread 
distribution  in  Illinois. 

County  records.  — -  Hamilton:  Mc¬ 
Leansboro  Reservoir,  676.  White: 
Wabash  River  at  Grayville,  693. 
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THE  ASIATIC  CLAM  ( CORBICULA )  IN  ILLINOIS 


PAUL  W.  PARMALEE 
Illinois  State  Museum,  Springfield 


Abstract.  —  Specimens  of  the  intro¬ 
duced  Asiatic  clam  ( Corbieula )  were  ob¬ 
tained  at  18  collection  stations  located 
in  the  Ohio,  lower  Wabash  and  Missis¬ 
sippi  rivers  bordering  southern  and  east¬ 
ern  Illinois.  This  clam  has  now  (1964) 
become  established  throughout  the  lower 
Ohio  River  and  has  ascended  the  Wa¬ 
bash  River  as  far  as  White  County,  Illi¬ 
nois.  No  specimens  were  found  in  the 
Mississippi  River  above  Cairo.  Rapid 
dispersion  and  population  growth  of  this 
introduced  mollusk  in  Illinois  waters 
have  occurred  within  the  past  four  or 
five  years. 

The  introduced  Asiatic  clam  was 
first  observed  in  the  United  States 
in  1938  in  California  (Dundee  and 
Dundee,  1958)  ;  between  1938  and 
1963  this  mollusk  had  spread  to  at 
least  five  other  western  states.  Sin¬ 
clair  and  Ingram  (1961)  reported 
Corbieula  from  the  Tennessee  River 
(Hardin  County,  Tennessee),  the 
first  occurrence  of  the  Asiatic  clam 
east  of  the  Mississippi  River.  Since 
their  report  (op.  cit. ) ,  this  clam  has 
also  been  recorded  in  eastern  United 
States  from  Florida  (Heard,  1964), 
Louisiana  (Dundee  and  Harman, 
1963),  Alabama  (Hubricht,  1963), 
Ohio  (Iveup,  Horning  and  Ingram, 
1963),  West  Virginia  (Thomas  and 
Mackenthun,  1964),  Kentucky  (Sin¬ 
clair  and  Isom,  1961)  and  Illinois 
(Fechtner,  1962).  The  Kentucky 
and  Illinois  records  are  based  on 
specimens  of  Corbieula  taken  from 
the  Ohio  River  just  east  of  Metrop¬ 
olis  on  the  Illinois  side  and  at  the 
Shawnee  Steam  Plant,  about  two 


miles  down  river  from  Metropolis 
on  the  Kentucky  side.  Sinclair  and 
Isom  (1963)  state  that  “All  speci¬ 
mens  examined  from  the  Ohio  River 
Basin  belong  to  one  species  based  on 
sexuality  and  life  history,  and  are 
placed  in  the  synonomy  of  C.  manil- 
lensis  together  with  C.  leana,  C.  jav- 
anica,  and  C.  vicina,” 

The  rapid  dispersion  and  popula¬ 
tion  growth  of  this  clam  are  not  fully 
understood.  Possible  means  of  dis¬ 
persal  such  as  their  inclusion  in  sand 
and  gravel  dredged  from  one  area 
and  deposited  in  another  (for  exam¬ 
ple,  by  barge),  accidental  transpor¬ 
tation  by  water  birds  (ducks  swal¬ 
lowing  small  clams  and  passing  an 
occasional  individual  through  the  di¬ 
gestive  tract  unharmed),  and  trans¬ 
porting  and  eventual  discarding  of 
clams  by  tourists,  fishermen  (using 
them  as  bait)  or  aquarium  hobbyists 
have  been  suggested  by  Ingram, 
Keup  and  Henderson  (1964)  and 
others.  It  is  quite  possible  that  mol- 
lusk-feeding  fish  such  as  the  fresh¬ 
water  drum  ( Aplodinotus  gr  tin¬ 
mens)  may  be  an  important  factor 
in  the  dispersal  of  this  clam  within  a 
given  river  system.  Sinclair  and  In¬ 
gram  (1961)  stated  that  “One  can 
only  speculate  as  to  the  mode  of 
transportation  of  this  native  of  Asia  ; 
however,  a  likely  theory  would  first 
incriminate  the  dumping  of  aquaria 
and  fish  bowls  that  contained  intro¬ 
duced  ‘aquaria  rarities.’  ” 


[39] 
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Desrciption  of  CORBICTJLA 

The  Asiatic  clam  is  a  bivalve  mol- 
lusk  (Fig.  1)  belonging  to  the  Class 
Pelecypoda,  Order  Heterodonta  and 
Family  Corbiculidae.  Sinclair  and 
Isom  (1963)  report  the  largest  Ten¬ 
nessee  River  forms  taken  were  43 
mm  in  length,  although  Corbicula  in 
Western  United  States  measured  55 
mm  and  native  forms  from  Formosa 
and  China,  83  mm.  There  is  consider¬ 
able  variation  in  the  general  shape  of 
the  adult  shell  and  there  occurs  a 
change  in  shape  of  the  individual 
clam  from  the  juvenile  to  the  adult 
stage.  Sinclair  and  Isom  (1961)  de¬ 
scribe  the  shell  as  ovate  (young)  to 
trigonal  (mature)  in  shape,  inflated 


at  the  umbones,  heavy,  sculptured 
with  concentric  rings  and  covered 
with  a  lustrous  yellow-green  perio- 
stracum.  There  are  three  cardinal 
teeth  in  each  valve,  two  lateral  teeth 
on  each  side  in  the  right  valve  and 
one  on  each  side  in  the  left  valve. 
Umbones  of  typical  mature  indivi¬ 
duals  are  eroded. 

Immature  clams  (1  mm  or  less  in 
length)  are  cream  colored  and  with¬ 
out  pattern ;  by  the  time  individuals 
reach  5  mm,  shells  take  on  the  polish¬ 
ed  tan  periostracum  of  the  adult  and 
by  8  mm  the  periostracum  becomes 
olive  in  color  and  highly  polished 
(Sinclair  and  Isom,  1961).  Mature 
shells  gradually  darken  from  a 


Figure  1.  —  Specimens  of  the  Asiatic  clam  ( Corbicula )  from  the  Ohio  River, 
Illinois. 
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brownish  black  to  jet  black.  Very 
young-  specimens  possess  a  charac¬ 
teristic  dark  stripe  on  the  anterior 
central  part  of  the  valves  and  more 
narrow,  less  distinct  stripes  on  the 
posterior  margins.  The  inner  mar¬ 
gins  of  the  shell  are  a  deep  purple 
color  while  the  entire  inner  surface 
of  adults  is  whitish  or  a  very  light 
purple. 

Sinclair  and  Isom  (1961)  state 
that  Corbicula  from  the  Tennessee 
River  reaches  sexual  maturity  dur¬ 
ing  the  first  year  at  a  length  of  6.5 
mm,  and  that  the  spawning  season 
extends  from  at  least  July  to  Novem¬ 
ber.  Fertilized  eggs  of  the  clam  de¬ 
velop  in  the  inner  demibranchs  of 
the  adult  and  the  microscopic  plank- 
totrophic  larvae  are  released  by  the 
thousands.  Unlike  most  fresh-water 
naiads  which  pass  through  a  stage  of 
parasitic  (glochidia)  development  on 
the  gills  or  fins  of  fish,  the  veliger 
larvae  of  Corbicula  begin  a  free-liv¬ 
ing  existence  on  the  bottom  soon  af¬ 
ter  being  released  into  the  water 
from  the  adult.  During  this  study, 
Corbicula  reached  its  greatest  size 
and  local  abundance  (Ohio  River  at 
Old  Shawneetown)  on  a  substratum 
of  predominantly  sand  mixed  with, 
or  overlaying,  mud  in  1  to  2  feet  of 
water. 

CORBICULA  in  Illinois 

During  an  August,  1964  field  trip 
made  by  the  author  for  the  purpose 
of  collecting  fresh-water  mussels  in 
the  lower  Wabash  River  (White 
County,  Illinois),  two  old  valves  of 
the  Asiatic  clam  were  found  in  a 
section  of  that  river  referred  to  as 
“little  chains.”  These  shells  were 
sent  to  Ralph  M.  Sinclair,  Principal 


Biologist,  Stream  Pollution  Control, 
Department  of  Public  Health,  Nash¬ 
ville,  Tennessee,  who  identified  them 
as  Corbicula  cf.  manillensis.  I  would 
like  to  express  my  sincere  apprecia¬ 
tion  to  Mr.  Sinclair  for  this  deter¬ 
mination,  for  comparative  material 
from  the  Tennessee  River  system  and 
for  his  many  helpful  suggestions. 

Iveup,  Horning  and  Ingram 
(1963)  state  that,  based  on  a  study 
by  Jackson  and  Wise,  “Asiatic  clams 
were  not  found  in  benthic  samples 
collected  as  late  as  January,  1960, 
from  the  Ohio  River,  from  Pitts¬ 
burgh,  Pennsylvania,  downstream  to 
Mound  City,  Illinois.  ’  ’  Since  the  on¬ 
ly  published  record  (Fechtner,  1962) 
for  the  occurrence  of  the  Asiatic  clam 
in  Illinois  was  based  on  eleven  re¬ 
cently  dead  specimens  found  in  6 
inches  of  water  east  of  Metropolis 
(Ohio  River,  Massac  County),  the 
recovery  of  Corbicula  from  the  low- 
er  Wabash  River  suggested  a  possible 
rapid  dispersal  of  this  clam  in  Illi¬ 
nois  waters  during  the  last  two  or 
three  years. 

In  order  to  determine  the  range  ex¬ 
tension  of  Corbicula  in  the  major 
rivers  bordering  southern  and  east¬ 
ern  Illinois,  collection  stations  (Mis¬ 
sissippi  River,  4 ;  Ohio  River,  8 ;  AVa- 
bash  River,  5)  were  established  (Fig. 
2)  and  shorelines  varying  from  sev¬ 
eral  hundred  yards  to  D/2  miles  were 
examined  for  the  presence  of  this 
clam.  A  bottom  sampler,  consisting 
of  a  triangular-shaped,  brass  screen¬ 
ed  “basket”  (1/16  inch  mesh),  10 
inches  wide  at  the  base,  17  inches 
long  and  covered  with  a  hinged,  wire 
(1x2  inch  square)  lid  was  used  to 
remove  and  sift  the  substratum.  The 
*  ‘  basket  ’  ’  was  welded  to  a  shovel  han¬ 
dle  and  this  tool  proved  extremely 
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Figure  2. —  Collection  Stations  Examined  for  the  Presence  of  Corbicula, 
August  and  September,  1964. 


efficient  in  obtaining  living  speci¬ 
mens. 

This  survey  was  undertaken  on 
September  8,  9,  and  10,  1964.  In  ad¬ 
dition  to  the  collection  stations  visit¬ 
ed  by  the  author  (triangular  sym¬ 
bols),  Corbicula  was  obtained  at 
eight  other  localities  (square  sym¬ 
bols,  Fig.  2)  on  the  Ohio  River  by 
personnel  from  the  Illinois  Natural 
History  Survey  and  the  Illinois  De¬ 
partment  of  Conservation  for  Dr. 
Philip  W.  Smith.  Sample  collections 
of  the  Asiatic  clam  were  saved  for 
the  author  bv  Dr.  Smith  and  his 
associates  during  their  fish  survey 
work,  also  on  the  above  mentioned 
dates,  and  I  would  like  to  express 
my  gratitude  for  their  records. 


Live  specimens  of  Corbicula  were 
taken  at  all  stations  on  the  Ohio 
River,  thus  establishing  this  intro¬ 
duced  clam  as  an  inhabitant  through¬ 
out  the  entire  length  of  the  Ohio 
River  bordering  Illinois.  Specimens 
taken  on  the  Kentucky  side  of  the 
river  (confluence  of  the  Ohio  and 
Mississippi  rivers  at  Cairo,  and  op¬ 
posite  Olmsted  and  Joppa,  Illinois) 
by  Philip  AY.  Smith  and  his  asso¬ 
ciates  also  suggest  complete  estab¬ 
lishment  of  Corbicula  along  both 
shores.  Of  the  15  stations  on  the 
Ohio  River,  greatest  population  den¬ 
sities  of  the  Asiatic  clam  were  found 
at  Mound  City  (Pulaski  County), 
Ft.  Massac  State  Park  (Massac 
County)  and  at  Old  Shawneetown 
(Gallatin  County). 
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The  largest  numbers  (for  unit  of 
area)  of  adult  Corbicula  were  en¬ 
countered  at  Old  Shawneetown.  The 
animals  were  living  in  one  to  two 
feet  of  water  on  a  substrate  of  sand 
and  mud.  Houseboats  belonging  to 
commercial  fishermen  were  anchored 
at  this  locality  and  the  waters  around 
these  boats  were  font  from  the  fish 
offal  that  was  continually  being 
thrown  overboard.  Such  conditions 
probably  favor  the  development  of 
phytoplankton,  the  principal  food  of 
this  clam,  and  it  appeared  that  a 
larger  number  of  individuals  were 
attaining  adult  size  (30  mm)  within 
that  local  population. 

Substrata  at  the  other  Ohio  River 
stations  varied  from  nearly  pure  sand 
to  hardened  clay  and  mud  (Fort  De¬ 
fiance  State  Park  at  Cairo).  Bottom 
conditions  of  the  latter  type  are  un¬ 
favorable  for  the  establishment  of 
Corbicula  and  clams  were  rare  or 
absent  in  such  habitats.  The  river 
was  at  low  stage  during  this  investi¬ 
gation  and  the  greatest  concentration 
of  local  Asiatic  clam  populations  oc¬ 
curred  in  varying  depths  from  six 
inches  to  two  feet. 

No  specimens  of  Corbicula  were 
encountered  in  the  Mississippi  River 
on  the  Illinois  side  at  the  four  sta¬ 
tions  examined  (Fig.  2).  However, 
three  dead  valves  (pairs)  and  one 
live  immature  specimen  were  found 
almost  directly  below  the  Illinois- 
Missouri  bridge  on  the  Missouri  side 
of  the  river.  Specimens  obtained 
by  Philip  W.  Smith  and  his  asso¬ 
ciates  along  a  sand  bar  in  Kentucky 
directly  across  the  Ohio  River  from 
Cairo  (Ft.  Defiance)  and  the  few 
shells  taken  by  the  author  in  the 
Mississippi  River  on  the  Missouri 
shore  establish  the  range  of  Corbicu¬ 


la  south  to  the  confluence  of  these 
rivers.  Judging  from  its  known  fast 
rate  of  dispersal,  the  Asiatic  clam 
can  soon  be  expected  to  ascend  the 
Mississippi  River  into  local  areas  of 
suitable  habitat. 

Living  specimens  of  the  Asiatic 
clam  were  taken  at  two  stations  on 
the  lower  Wabash  River.  At  the  first 
station,  a  sand  bar  extending  I-IV2 
miles  along  the  Illinois  shore  ap¬ 
proximately  2  miles  S.E.  of  New 
Haven,  Gallatin  County,  numerous 
immatures  and  young  adults  were 
encountered  in  the  shallow  water, 
moist  sand  and  pools  left  by  the 
receding  river.  The  largest  specimen 
measured  only  19  111m  and  this  popu¬ 
lation  was  sparse  compared  with  the 
dense  local  concentrations  encounter¬ 
ed  at  certain  localities  in  the  Ohio 
River.  Shells  were  a  polished  olive- 
yellow  in  color  and  only  the  three 
largest  specimens  (17-19  mm)  show¬ 
ed  a  beginning  of  the  trigonal  shape 
of  the  adult.  These  largest  clams 
were  probably  2-3  years  of  age,  judg¬ 
ing  from  age  and  length  data  given 
by  Sinclair  and  Isom  (1961).  Using 
these  same  age  criteria  data,  the 
Ohio  River  populations  had  been  es¬ 
tablished  for  at  least  3  years. 

The  second  Wabash  River  station, 
2  miles  S.  E.  of  Rising  Sun,  White 
County,  is  known  locally  as  “little 
chains.  ’  ’  Large  broken  slabs  of  lime¬ 
stone  form  the  bank  along  the  Illi¬ 
nois  side  for  about  %  of  a  mile  and 
compose  the  river  bed  nearly  to  the 
Indiana  side.  This  produces  a  rapids 
with  swift  current ;  the  substratum 
consists  of  these  large  flat  rock  slabs, 
stones  and  coarse  gravel  mixed  with 
some  sand  and  mud.  Only  3  old 
valves  and  one  living  young  adult  (2 
years  of  age?)  were  found.  Collect- 
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ing1  was  difficult  because  of  tlie  type 
of  substrate  and  it  is  possible  a  popu¬ 
lation  of  Corbicula  is  more  extensive 
at  this  point  than  the  few  shells  re¬ 
covered  would  suggest. 

However,  no  specimens  of  this 
clam,  living  or  dead,  were  encounter¬ 
ed  in  over  a  mile  of  sand  beach  at 
the  next  station  (2  miles  S.  E.  of 
Maunie)  approximately  5  miles  north 
of  “little  chains.”  Examination  of 
sand  bars  at  New  Harmony,  Indiana, 
and  at  Grayville,  Illinois,  failed  to 
produce  Corbicula.  The  confluence 
of  the  Ohio  and  Wabash  rivers  is 
about  12  river  miles  below  the  first 
Wabash  River  station  where  this 
clam  was  collected.  It  would  appear 
that  range  extension  of  the  Asiatic 
clam  in  Illinois  occurs  more  rapidly 
in  a  downstream  direction.  Possibly 
populations  of  the  Asiatic  clam  be¬ 
came  established  in  the  lower  Ohio 
River  as  a  result  of  individuals  be¬ 
ing  carried  downstream  by  current. 
Natural  ascent  of  a  river  for  a  mol- 
lusk  like  the  Asiatic  clam  would  be 
expected  to  be  slower  than  descent. 
Relatively  sparse  (young?)  popula¬ 
tions  of  Corbicula  in  the  lower  Wa¬ 
bash  River  versus  a  dense  (old)  pop¬ 
ulations  in  the  Ohio  River  at  Old 
Shawneetown,  localities  approxi¬ 
mately  equal  distance  from  the  con¬ 
fluence  of  these  rivers,  would  sug¬ 
gest  an  upstream  source  (for  exam¬ 
ple  the  Cincinnati  area:  Iveup, 
Horning  and  Ingram,  1963)  for  the 
Ohio  River  populations  in  Illinois. 
Possibly  severe  winter  conditions 
may  limit  the  northward  spread  of 
this  clam  or  its  abundance  in  north¬ 
ern  latitudes,  as  may  have  been  the 
case  in  Ohio  (Horning  and  Keup, 
1964). 

What  impact  the  Asiatic  clam  will 


have  on  the  biology  of  Illinois  waters 
and  related  fauna,  or  on  certain  in¬ 
dustries  associated  with  the  major 
waterways,  remains  to  be  seen.  The 
nuisance  aspects  of  Corbicula  have 
been  discussed  by  Sinclair  and  Isom 
(1961)  and  Sinclair  (1963)  — the 
clogging  of  intake  and  cooling  water 
pipes  at  various  steam  plants  and 
the  contamination  of  sand  and  gravel 
deposits.  On  the  beneficial  side,  this 
clam  may  prove  to  be  of  value  as  a 
food  for  numerous  species  of  eco¬ 
nomically  important  fish  and  water- 
fowl. 
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A  NEW  SPECIES  OF  ELEUTHERODACTYLUS 
FROM  EASTERN  MEXICO 


JOHN  D.  LYNCH  and  THOMAS  H.  FRITTS 
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Abstract.  — -  A  new  species  of  the  Eleu- 
therodactylus  rhodopis  -  group  (Salien- 
tia:  Leptodactylidae)  is  described  from 
Volcan  San  Martin  Pajapan,  Veracruz, 
Mexico.  The  frog  appears  most  closely 
related  to  E.  macdougalli  of  Oaxaca  and 
Chiapas,  Mexico.  It  is  presumed  endemic 
to  the  Los  Tuxtlas  Range  of  Veracruz, 
Mexico. 

The  most  poorly  understood  com¬ 
plex  of  the  genus  Eleutherodactylus 
(Salientia:  Leptodactylidae)  is  the 
E.  rhodopis  group,  heretofore  repre¬ 
sented  by  eight  Mexican  species. 
This  group  is  characterized  by :  toe 
and  finger  tips  not  bulbous  or  ex¬ 
panded,  no  extensive  webbing  be¬ 
tween  toes,  vomerine  teeth  present, 
inguinal  gland  lacking,  and  no  post¬ 
ocular  dermal  folds.  Six  species  occur 
in  the  Los  Tuxtlas  Range  of  Vera¬ 
cruz,  Mexico,  and  two  of  the  six  are 
known  only  from  Volcan  San  Martin 
(Shannon  and  Werler,  1955  :37Q  and 
375).  The  present  paper  describes 
a  third  presumed  endemic  species  of 
the  E.  rhodopis  group  from  Volcan 
San  Martin.  This  new  form  is  based 
on  a  single  specimen  in  the  Univer¬ 
sity  of  Illinois  Museum  of  Natural 
History  (UIMNH). 

Eleutherodactylus  werleri,  new  species 

Holotype.  —  University  of  Illinois  Mu¬ 
seum  of  Natural  History  No.  42987,  an 
adult  male,  collected  by  John  Werler  on 
the  east  slope  of  Volcan  San  Martin 
Pajapan  at  4,000  feet  elevation,  Vera¬ 
cruz,  Mexico,  September,  1954.  Field 
number  1317. 


Diagnosis.  —  An  Eleutherodactylus  of 
the  E.  rhodopis  group,  separable  from 
all  species  of  the  genus  by  the  follow¬ 
ing  combination  of  characters:  tym¬ 
panum  nearly  as  large  as  eye,  circular  in 
outline,  very  distinct;  tarsus  with  a 
weak  but  complete  fold;  head  broader 
than  body;  no  dorsal  ridges  except  for 
a  paitial  dorsolateral  fold;  toes  with  a 
vestige  of  a  web;  no  supernumerary 
tubercles;  large  vomerine  tooth  bosses 
present;  snout  in  lateral  view  sloping, 
not  truncate  or  projecting  over  lip;  side 
of  head  uniformly  dark;  dorsum  much 
lighter,  tan,  with  numerous  paiied  mark¬ 
ings;  toe  tips  not  dilated  or  bulbous; 
inguinal  gland  lacking. 

Description  of  the  holotype.  —  Adult 
male;  head  slightly  broader  than  long 
(18.4  mm  x  17.7  mm);  snout  very  elon¬ 
gate;  eyes  small,  width  of  eyelid  smaller 
than  interorbital  distance;  tympanum 
very  large  (Fig.  1),  circular,  its  hori¬ 
zontal  diameter  nearly  equal  to  length 
of  eye;  eye  to  nostril  distance  greater 
than  length  of  eye;  tip  of  snout  (in 
lateral  view)  sloping;  cantlius  rostralis 
sharp;  loreal  region  slightly  concave, 
sloping  sharply  to  lip;  supra-  and  post- 
tympanic  fold  present,  although  supra- 
tynrpanic  portion  not  prominent;  a  few 
glandular-like  warts  at  angles  of  jaws. 

Tongue  oval,  free  for  slightly  less  than 
one-lralf  length  of  tongue,  notched  be¬ 
hind;  vomerine  tooth  bosses  triangular 
in  outline,  5-7  vomerine  teeth  on  bosses 
(right  and  left,  respectively);  choanae 
very  large,  approximately  two  and  one- 
lralf  to  three  times  size  of  a  vomerine 
tooth  boss;  vomerine  tooth  bosses  be¬ 
tween  and  a  little  posterior  to  choanae; 
choanae  completely  visible  when  roof  of 
mouth  is  viewed  from  directly  below;  no 
vocal  sac  or  vocal  slits  in  mouth. 

Head  much  broader  than  body;  body 
relatively  slender;  skin  of  dorsum  and 
venter  smooth;  dorsolateral  folds  present 
in  form  of  rows  of  tubercles  from  supra- 
and  posttvmpanic  fold  extending  about 
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Figure  1. — A,  side  of  head  of  liolotype  of  E.  werleri.  B,  dorsal  view  of  holotype. 
C,  undersurface  of  foot  of  holotype.  Holotype  UIMNH  429S7,  Volcan  San  Martin 
Pajapan,  4000',  Veracruz,  Mexico. 


Table  1. — -Comparison  of  species  of  Eleutherodactylus  rhodopis  group. 
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one-half  the  length  of  body;  vague  in¬ 
dications  of  postocular  folds;  no  other 
dorsal  skin  folds  present;  no  dark  mark¬ 
ings  on  center  of  back;  skin  in  area  of 
posterior  and  ventral  surfaces  of  thighs 
and  close  to  anus,  granular;  anal  open¬ 
ing  simple,  no  flap  or  large  tubercles  at 
opening. 

No  axillary  membrane;  no  ridges  on 
forearm;  a  single  medial  carpal  tubercle 
present;  a  transverse  fold  at  junction  of 
forearm  and  hand;  two  large  palmar 
tubercles,  subequal  in  size;  subarticular 
tubercles  simple,  not  divided;  vestige  of 
web  present  between  fingers;  lateral 
fringes  on  fingers  2,  3  and  4;  tips  of 
fingers  not  expanded;  transverse  groove 
across  tip  of  each  finger;  first  finger 
slightly  longer  than  second,  shorter  than 
fourth;  third  finger  longest. 

Tibiotarsal  articulation  reaches  almost 
to  nostril  when  leg  carried  forward; 
when  legs  held  at  right  angles  to  body, 
heels  overlap  slightly  (3  mm);  no  out¬ 
er  tarsal  fold;  inner  tarsal  fold  weak, 
extending  nearly  the  length  of  tarsus; 
inner  metatarsal  tubercle  large,  elongate, 
nearly  four  times  as  long  as  wide;  outer 
metatarsal  tubercle  small,  conruressed, 
nearly  indistinguishable  from  sole  ex¬ 
cept  by  its  darker  color;  no  super¬ 
numerary  tubercles  on  sole;  subarticular 
tubercles  simple;  lateral  fringes  present 
on  all  toes;  toes  with  slight  but  notice¬ 
able  web;  toe  tips  not  expanded. 

Measiirements  of  holotvpe  in  milli¬ 
meters. —  snout  to  vent  43;  length  of 
tibia  23,5;  width  of  head  18.4;  length  of 
head  17.7;  horizontal  diameter  of  tym¬ 
panum  4.4;  length  of  eye  4.8;  distance 
from  eye  to  nostril  5.7;  width  of  eyelid 
4.0;  width  of  interorbital  distance  4.8. 

Color  in  alcohol.  —  Dorsum  reddish 
brown,  grayer  on  sides;  side  of  head 
dark,  almost  uniformly  black;  narrow 
white-edged  labial  stripe  extending  from 
snout  to  commisure  of  jaws. 

Specimens  examined  (all  UIMNH). — 
E.  beatae:  Veracruz-Tequeyutepec  49186- 
94;  Cuautlapam  15829-34.  E.  dorsocon- 
color :  Veracruz-Tequeyutepec  49195; 

Coyame  36858,  33912.  E.  dunni;  Vera- 
cruz-San  Martin  35364-68;  Tequeyutepec 
15843-97;  Oaxaca-Cerro  Machin  50081- 
100;  Guatemala-Peten ;  14710-32.  E.  mac- 
dougalli:  Oaxaca-La  Gloria  15907  (holo- 
type)  ;  between  La  Gloria  and  Cerro 
Azul  40934-41;  north  of  Zanatepec  53086. 
E.  loki :  Veracruz-Volcan  San  Martin 
35383-86  (paratypes)  ;  E.  rhodopis:  Chia- 
pas-La  Esperanza  14656-680;  Tonala 
37433-37;  Rancho  San  Vartolo  9881-86; 
Oaxaca-vicinity  of  La  Gloria,  Rio 
Grande,  and  Cerro  Azul  40942-49,  40986- 


91;  3  miles  W  Tapanatepec  39497-518; 
Veracruz-San  Lorenzo,  nr.  Cordoba 
15933;  Potrero  Viejo  14584;  San  Andres 
Tuxtla  15927-29;  San  Martin  35370-82; 
Tequeyutepec  15935-36;  Coyame  36863- 
64;  near  Jalapa  15934;  Guatemala,  Su- 
chitepequez-E.  Naranjo,  W  Slope  Volcan 
Santa  Clara  46216-44;  Peten  14585-653. 
E.  sanmartinensis :  Veracruz-Volcan  San 
Martin  33912,  35369,  35387  (paratypes). 
E.  venustus:  Veracruz-Cuautlapam  159- 
59;  Tequeyutepec  15956-58,  49206-07; 

Chiapas-Tapachula  15960;  Salto  de  Agua 
15971;  Oaxaca-km  110,  Oaxaca  to  Tuxte- 
pec  road  53085;  Guatemala,  Suchite- 
pequez-E  Naranjo,  W  Slope  Volcan  Santa 
Clara  46357-61. 

Comparisons.  —  Table  1  presents 
a  comparative  chart  showing  the  dif¬ 
ferences  in  the  several  species  of 
Eleuther odactylus .  E .  werleri  is  clos¬ 
est  to  E.  macdougalli  (Mexico)  and 
E.  lineatus  ( Guatemala )  as  evidenc¬ 
ed  by  similarity  in  habitus,  absence 
of  supernumerary  tubercles  on  sole, 
tympani  size  and  color.  We  hesi¬ 
tate  at  this  time  to  recognize  E.  ros- 
tralis  as  recognized  by  Duellman 
(1963:222)  and  Stuart  (1963:30)  in 
view  of  the  variation  which  obtains 
in  E .  rhodopis.  All  named  forms  of 
the  group  are  tentatively  recognized 
until  a  comprehensive  review  of  the 
group  proves  otherwise. 

Etymology .  —  The  new  species  is 
named  for  John  Werler,  the  collector 
of  the  type.  We  wish  to  thank  Dr. 
Hobart  M.  Smith  for  criticizing  the 
manuscript. 

Literature  Cited 

Duellman,  W.  E.  1963.  Amphibians  and 
reptiles  of  the  rainforests  of  southern 
El  Peten,  Guatemala.  Univ.  Kansas 
Publ.  Mus.  Nat.  Hist.  15:205-249. 
Shannon,  F.  A.  and  J.  Werler.  1955. 
Notes  on  amphibians  of  the  Los  Tuxt- 
las  Range  of  Veracruz,  Mexico.  Trans. 
Kansas  Acad.  Sci.  58 (3)  : 360-86. 
Stuart,  L.  C.  1963.  A  checklist  of  the 
herpetofauna  of  Guatemala.  Misc. 
Publ.  Mus.  Zook,  Univ.  Michigan.  122:- 
1-150. 

Manuscript  received  July  5,  196Jf. 


EARLY  PRUNING  OF  LOBLOLLY  PINE: 
EFFECTS  ON  WEEKLY  GROWTH  AT  VARIOUS 
LOCATIONS  ON  THE  STEM 


A.  R.  GILMORE  and  W.  A.  GEYER 
University  of  Illinois,  Urbana 


Abstract.  —  Loblolly  pine  was  pruned 
to  20,  40,  and  60  percent  and  the  weekly 
radial  growth  was  determined  at  various 
locations  on  the  stem. 

Results  the  first  year  following  prun¬ 
ing  showed  that  trees  varied  consider¬ 
ably  in  their  rates  of  stem  growth;  prun¬ 
ing  delayed  growth  initiation  and  re¬ 
duced  growth  rate  with  the  most  drastic 
pruning  having  the  greatest  effect; 
growth  was  greatest  in  the  crown  and 
decreased  as  distance  below  the  live 
crown  increased;  height  growth  was  not 
affected  by  intensity  of  pruning. 

Lower  branches  of  trees  eventually 
die  and  are  shed  by  natural  proces¬ 
ses,  commonly  resulting  in  large 
knots  that  degrade  the  wood  and  re¬ 
duce  pulp  and  veneer  yields.  This 
is  especially  true  for  trees  growing 
at  wide  spacings  where  crown  closure 
is  very  slow.  Thus,  artificial  pruning 
is  practiced  to  increase  the  ultimate 
value  of  the  tree. 

When  live  branches  are  removed, 
growth  of  the  tree  may  be  affected. 
Numerous  researchers  (Staebler, 
1963)  have  reported  that  a  substan¬ 
tial  reduction  (35  to  70  percent)  of 
the  living  crown  results  in  decreas¬ 
ed  height  and  stem  growth.  Only  a 
few  pruning  studies  have  considered 
growth  of  the  bole  above  breast 
height  (Young  and  Kramer  1952, 
Heidmann  1963,  Staebler  1963)  and 
with  the  exception  of  Young  and 
Kramer,  these  studies  have  dealt 
with  growth  only  on  a  yearly  basis. 

The  effect  of  artificially  pruning 
loblolly  pine  ( Pinns  taeda  L.)  on 


weekly  radial  growth  at  various  lo¬ 
cations  on  the  stem  are  reported  in 
this  paper.  The  study  was  conducted 
on  a  10-year-old  plantation  at  the 
Dixon  Springs  Agricultural  Center 
in  southern  Illinois. 

Methods 

Sixty -six  trees  used  in  the  study 
averaged  4.1  inches  in  diameter  at 
breast  height  (4.5  feet)  and  23  feet 
in  total  height.  The  live  crown  on  all 
trees  extended  down  to  at  least  breast 
height.  Trees  within  15  feet  of  each 
study  tree  were  removed  prior  to 
the  initiation  of  the  experiment  to 
reduce  competition  for  soil  moisture 
and  sunlight.  Limbs  on  the  study 
trees  below  breast  height  were  re¬ 
moved  to  eliminate  any  possible  ef¬ 
fect  that  they  might  have  on  the 
experiment.  Dial-gauge  dendrometer 
stations  as  described  by  Brown  et  al. 
(1947)  were  established  at  4.5  feet, 
8.5  feet  and  12.5  feet  above  the 
ground  if  the  bole  was  large  enough 
to  accommodate  them  ;  otherwise  two 
or  one  dendrometer  stations  per  tree 
were  installed  (hereafter  referred  to 
as  either  three  station  trees,  two  sta¬ 
tion  trees  or  one  station  trees). 
Weekly  radial  measurements  were 
taken  at  all  dendrometer  stations  for 
one  growing  season  before  and  after 
the  trees  were  pruned. 

Pruning  treatments  consisted  of 
removing  all  limbs  from  the  lowest 
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1)  (control),  20,  40,  and  60  percent 
of  the  stem,  as  measured  between 
breast  height  and  top  of  the  tree. 
The  origin  of  the  limb  on  the  stem 
determined  if  a  limb  was  to  be  in¬ 
cluded  in  a  pruning  group. 

Growth  was  computed  as  percent 
of  control,  percent  decrease  of  actual 
to  expected,  and  percent  of  previous 
year. 

Results 

Trees  varied  considerably  in  their 
rates  of  growth  (Table  1).  Growth 
before  pruning  varied  from  a  low  of 
74  percent  in  the  three  station  trees 
to  a  high  of  124  percent  in  the  two 
station  trees.  At  the  8.5  foot  station, 
growth  varied  from  75  to  115  per¬ 
cent.  Variation  in  growth  was  also 
considerable  at  the  12.5  foot  station. 
After  pruning,  growth  varied  to  a 
lesser  extent. 

Decrease  in  the  growth  rate  as  a 
percent  of  the  difference  between  ex¬ 
pected  growth  and  actual  growth  to 
expected  growth  is  shown  in  Table 
1.  Reduction  in  growth  occurred  at 
all  locations  on  the  stem  except  in 
the  20  percent  pruned  trees  at  4.5 
feet  for  the  one  station  trees.  Al¬ 
though  reduction  in  growth  was  not 
always  statistically  significant,  it 
could  be  attributed  to  pruning. 
Treatment  comparisons  were  highly 
significantly  different  with  the  fol- 
lowing  exceptions:  0-20  percent 
pruning  treatments  at  all  locations ; 
40-60  percent  treatments  of  the  two 
station  trees ;  0-40  and  20-40  percent 
treatments  of  the  three  station  trees. 
There  were  significant  differences  in 
growth  rate  between  the  lower  and 
upper  station  of  the  three  station 
trees  pruned  to  60  percent  and  be¬ 


tween  the  8.5  and  12.5  foot  locations 
of  the  three  station  trees  pruned  to 
40  and  60  percent. 

Accumulative  growth  after  prun¬ 
ing  is  shown  in  Figures  1,  2  and  3  as 
a  percentage  of  the  previous  year’s 
total  growth  before  pruning.  There 
were  no  statistical  differences  in 
growth  between  the  0-20,  0-40,  and 
20-40  percent  treatments  of  the  three 
station  trees.  Neither  were  there  dif¬ 
ferences  between  the  0-20  and  40-60 
percent  treatments  of  the  one  and 
two  station  trees.  Growth  was  con¬ 
sistently  greater  on  the  control  and 
20  percent  pruned  trees  than  on  the 
40  and  60  percent  pruned  trees. 
Growth  was  reduced  most  by  60  per¬ 
cent  pruning.  Growth  of  the  40  per¬ 
cent  pruned  trees  was  less  than  the 
trees  pruned  20  percent  except  at 
the  12.5  foot  station  in  the  three  sta¬ 
tion  trees. 

Pruning  affected  growth  early  in 
the  season  with  most  drastic  pruning 
having  the  greatest  effects.  Trees 
pruned  60  percent  did  not  begin 
growing  at  any  location  on  the  stem 
to  any  appreciable  extent  until  near¬ 
ly  40  days  after  the  controls  and  20 
percent  pruned  trees.  Trees  pruned 
40  percent  were  also  slow  in  starting 
growth  but  less  so  than  trees  pruned 
60  percent. 

On  all  trees,  the  rate  of  growth 
was  slow  in  the  spring  increasing 
rapidly  before  reaching  a  maximum 
in  early  summer  and  then  diminish¬ 
ing.  Growth  was  erratic  and  no 
weekly  growth  pattern  was  detected 
in  any  group  of  trees.  Growth  was 
always  greatest  at  the  top  station  and 
in  the  crown,  decreasing  as  distance 
below  the  live  crown  increased  with 
more  pronounced  differences  as  more 
of  the  live  crown  was  removed. 


Table  1. — Cross-Sectional  Area  Growth  Before  and  After  Pruning  and  Decrease  in  Growth  Rate  Due  to  Pruning. 
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1  Based  upon  pre-treatment ;  for  example,  105  percent  of  356  =  374. 

2  A  negative  ( — )  sign  indicates  an  increase. 
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Figure  1.  —  Accumulative  growth  ac¬ 
cording  to  percent  crown  pruned  and  lo¬ 
cation  on  stem — one  station  trees. 


Figure  2. — Accumulative  growth  ac¬ 
cording  to  percent  crown  pruned  and 
location  on  stem — two  station  trees. 


Discussion 

The  method  used  to  compute 
growth  in  this  study  assumes  that 
an  increase  or  decrease  in  growth 
according  to  the  potential  of  the 
trees,  as  indicated  by  growth  before 
treatment,  is  a  satisfactory  method 


DAYS 


Figure  3.  —  Accumulative  growth  ac¬ 
cording  to  percent  crown  pruned  and 
location  on  stem — three  station  trees. 

of  expressing  growth.  A  tree  may 
for  some  unknown  reason (s)  change 
its  yearly  growth  pattern.  But  by 
using  a  number  of  trees  per  treat¬ 
ment,  the  effects  of  changeable  year¬ 
ly  growth  rate  (if  it,  exists  in  this 
study)  should  be  eliminated  or  at 
least  relegated  to  a  minor  status. 

The  method  used  in  this  paper  to 
compute  the  percent  of  crown  to  re¬ 
move  is  slightly  different  from  most 
reported  studies  and  should  be  re- 
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membered  when  trying  to  compare 
pruning  as  reported  here  with  prun¬ 
ing  reported  elsewhere.  Neverthe¬ 
less,  these  results  demonstrate  that 
removing  about  40  percent  of  the  live 
crown  usually  results  in  a  reduction 
of  stem  diameter  growth. 

Stem  growth  is  not  affected  b}^  the 
removal  of  less  than  40  percent  of  the 
live  crown  because  water  is  used 
more  efficiently.  Unthrifty  lower 
branches  of  a  tree  lose  more  carbo¬ 
hydrate  through  respiration  than 
they  add  from  photosynthesis  (Taka- 
hara,  1954).  When  these  branches 
are  removed,  more  moisture  is  avail¬ 
able  to  the  remaining  thrifty  branch- 
es  without  a  loss  in  photosvnthate. 
Labyak  and  Schumacher  (1954) 
demonstrated  that  the  typical  branch 
located  at  15  percent  of  tree  length 
below  the  free  tip  contributes  maxi¬ 
mum  volume  to  the  stem. 

A  probable  reason  why  no  signifi¬ 
cant  growth  difference  occurred  be¬ 
tween  the  40  and  60  percent  pruned 
trees  of  the  two  station  trees,  is  that 
some  of  the  trees  supposedly  pruned 
40  percent  were  actually  pruned 
more.  As  stated  in  the  methods,  the 
origin  of  the  limb  on  the  stem  deter¬ 
mined  whether  a  limb  was  to  be 
pruned.  Because  of  this  rule  it  is 
possible  to  over-prune.  As  an  exam¬ 
ple,  a  thirty  foot  tree  to  be  pruned 
40  percent  will  have  all  limbs  below 
14.7  feet  removed.  If  there  should 
be  no  limbs  between  14.7  feet  and 
the  point  that  represents  the  60  per¬ 
cent  pruning  (19.8  feet),  then  60 
percent  and  40  percent  pruning  of 
the  live  crown  are  the  same.  This 
may  explain  why  growth  of  one  tree 
of  the  two  station  trees  pruned  40 
percent  was  very  small  in  comparison 
with  the  other  trees  similarly  treat¬ 


ed.  If  this  tree  is  disregarded  in  the 
analysis  of  variance,  there  is  a  sig¬ 
nificant,  difference  between  the  40 
and  60  percent  pruned  trees  at  the 
4.5  foot  location  but  not  at  the  8.5 
foot  location. 

A  probable  reason  that  stem 
growth  was  slow  in  starting  in  trees 
that  had  been  pruned  60  percent 
(Fig.  3),  is  that  there  was  not 
enough  growth  substance  (auxin 
and/or  vitamin)  or  carbohydrates 
produced  by  the  remaining  small 
crown.  However,  the  different  rate 
of  growth  at  all  three  stations  for 
the  60  percent  pruned  trees  indicates 
that  this  limiting  factor  might  be 
carbohydrates  and  not  an  auxin  or 
a  vitamin.  Trees  pruned  40  percent 
tend  to  bear  this  out  in  that  they 
began  growth  later  than  the  control 
trees,  but  not  as  late  as  the  severely 
pruned  trees.  It  is  conceivable  that 
growth  had  commenced  at  this  early 
date  but  was  proceeding  too  slowly 
to  be  detected  by  the  method  used 
in  the  study. 

The  tendency  for  trees  to  be  er- 
ratio  in  their  growth  has  been  shown 
by  a  number  of  workers.  But  pine 
trees  do  not  exhibit  this  erratic 
growth  on  an  individual  stem,  as 
Young  and  Kramer  (1952)  observed 
that  when  growth  at  any  location  on 
the  main  stem  either  increased  or 
decreased,  all  locations  on  the  main 
stem  grew  in  a  like  manner. 

The  fact  that  height  growth  was 
not  affected  by  pruning  does  not  con¬ 
form  with  Slabaugh’s  (1957)  report 
with  red  pine.  He  found  that  a  light 
pruning  (30  percent)  had  little  ef¬ 
fect,  but  more  than  this  amount  re¬ 
duced  height  growth  the  first  year. 
It  was  expected  that  height  growth 
would  be  affected  since  four  trees 
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died  the  first  year  from  excessive 
pruning.  If  height  of  the  trees  had 
been  measured  for  a  number  of  years 
after  being  pruned,  it  is  logical  to 
expect  that  height  growth  would  be 
found  to  be  reduced. 

The  use  of  a  dendrometer  to  meas¬ 
ure  growth  of  a  tree  has  certain  dis¬ 
advantages  as  stem  growth  is  not 
uniform  (Bormann  and  Kozlowski, 
1962)  but  it  permits  the  results  of 
cultural  operations  to  be  followed  im¬ 
mediately  and  to  detect  trends.  This 
study  has  been  conducted  for  only 
one  year  but  a  trend  has  been  es¬ 
tablished.  Reported  pruning  studies 
(Stein  1955,  Blockman  and  Roe  1958, 
Staebler  1964)  indicate  that  this 
trend  should  continue  for  a  number 
of  years  in  the  most  drastic  pruning 
treatment  but  not  necessarily  in  the 
lighter  pruning  treatments. 
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Abstract.  —  Metabolism  in  strain  Y- 
1448  of  Deharyomyces  guilliermondii 
was  studied  by  incorporating  glucose- 
1-CU  in  the  medium.  Ci  of  glucose  under¬ 
went  oxidation  to  CCD  at  a  more  rapid 
rate  at  the  initial  period  of  metabolism 
than  in  the  later  phase.  The  results  sug¬ 
gest  that  an  initial  rapid  utilization  by 
the  pentose  phosphate  pathway  which 
decreases  in  rate  with  the  time  while 
another  one,  presumably  the  Embden- 
Meyerhof  pathway,  continues  to  operate; 
that  lactose  was  utilized  by  the  organ¬ 
ism;  and  that  the  organism  can  oxidize 
galactose. 

Debaryomyces  guilliermondii  is  a 
membrane-forming  yeast,  the  tax¬ 
onomy  of  which  has  been  studied 
only  in  recent  years  (Lodder  and 
Kreger  van  Rij,  1952).  A  few  re¬ 
ports  are  available  on  certain  aspects 
of  the  physiology  and  on  the  func¬ 
tional  requirements  of  the  organism 
(Stelling-Dekker,  1931;  Wickerham 
and  Burton,  1948 ;  Wickerham  and 
Burton,  1954;  Etchells  and  Bell, 
1950 ;  and  Merdinger  and  Shair, 
1962).  According  to  Giovannozzi, 
1941,  and  Mrak  and  Bonar,  1939,  D. 
guilliermondii  is  not  able  to  utilize 
lactose,  starch,  or  dextrin,  but  the 
same  authors  are  in  disagreement  as 
to  its  ability  to  utilize  galactose. 

Because  of  the  limited  knowledge 
in  this  area,  the  present  study  of  the 
intermediary  metabolism  of  D.  guil¬ 
liermondii  was  undertaken.  As  pre¬ 
vious  studies  from  this  laboratory 
had  shown  that  the  strain  N  R  R  L 
Y-1448  of  D.  guilliermondii  utilized 


lactose  with  the  evolution  of  C02, 
the  intent  of  the  present  investiga¬ 
tion  was  to  determine  the  amount  of 
C02  released  when  lactose  was  used 
as  a  source  of  carbon  and  the  amount 
of  C1402  given  off  when  glucose-1 -C14 
was  used  as  a  substrate  over  inter¬ 
vals  of  3  and  5  days. 

Materials  and  Methods 

Malt  extract,  yeast  extract,  lac- 
tose,  glucose,  galactose,  soluble  starch 
and  dextrin  were  Difco  preparations. 
Glucose-l-C14  was  obtained  from  the 
Nuclear  Instrument  Corporation  and 
Volk  Radiochemical  Co. 

The  basal  culture  medium  contain¬ 
ed  0.3%  malt  extract,  0.3%  yeast 
extract,  2%  NaCl,  nutrient  salt  mix¬ 
ture  recommended  by  Wickerham, 
1946,  and  either  5%  glucose,  5% 
lactose,  5%  galactose,  1.5%  soluble 
starch,  2%  dextrin  or  lactose  broth 
with  additional  4.5%  lactose  with¬ 
out  Wickerham ’s  nutrient  salt  mix¬ 
ture.  A  loopful  of  a  48  hr  culture 
of  D.  guilliermondii  strain  NRRL 
Y-1448  was  introduced  into  a  50  ml 
Erlenmeyer  flask  containing  20  ml 
of  sterile  glucose  medium.  The  phos¬ 
phate  salts  were  sterilized  separately 
and  added  to  the  sterilized  medium. 
After  48  hr  of  incubation  at  30° C  the 
medium  was  transferred  into  a  500 
ml  flask  containing  230  ml  of  sterile 
glucose  medium.  A  total  of  2  ml  of 
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solution  containing  approximately 
4.75  y  of  glucose-l-C14  was  then 
added  and  the  contents  shaken  on  a 
reciprocating  shaker  or  by  a  mag¬ 
netic  stirrer.  The  flask  was  then  at¬ 
tached  to  a  series  of  3  interconnected 
flasks  on  one  side  and  4  on  the  other. 
The  first  two  flasks  each  contained 
150  ml  of  10%  NaOH,  the  third,  300 
ml  of  saturated  Ba(OH)2,  the 
fourth,  substrate  and  the  organism ; 
the  fifth,  1000  ml  of  saturated  Ba- 
(OH)2,  and  the  remaining  three,  500 
ml  each  of  the  last  solution.  The 
temperature  of  the  medium  was 
31  °C.  Air  was  drawn  through  the 
train  of  the  8  flasks  at  a  slow  con¬ 
stant  rate. 

Several  1  ml  samples  of  the  sub¬ 
strate  containing  the  glucose-l-C14 
were  pipetted  and  emptied  into  eith¬ 
er  stainless  steel  planchets  or  suitable 
glass  vials  before  and  at  the  end  of 
3  and  5  day  experimental  periods  for 
measurement  of  radioactivity.  Ba- 
C03  was  recovered  from  the  last  four 
flasks  of  the  train  and  washed  with 
water  and  ethanol  and  then  dried  at 
200  °C  for  2  hr.  Radioactivity  was 
ascertained  in  the  planchets  with  a 
Gas  Proportional  Counter.  A  Pack¬ 
ard  Tri-Carb  liquid  scintillation 
spectrometer  was  employed  with  the 
samples  in  the  glass  vials. 

Similar  procedures  were  applied 


to  the  substrate  containing  the  basal 
medium  and  5%  lactose  and  for  the 
broth  to  which  4.5%  lactose  was  add¬ 
ed  but  without  Wickerham’s  salt 
mixture.  Galactose  utilization  was 
tested  with  cells  which  had  been 
transferred  three  times  in  a  medium 
containing  only  galactose.  Each  ex¬ 
periment  was  accompanied  by  con¬ 
trols  which  were  identical  except  for 
the  absence  of  the  organism.  In  the 
experiments  with  labeled  glucose,  the 
corresponding  controls  were  devoid 
of  any  tagged  glucose. 

Results  and  Discussion 

The  BaC03  obtained  from  the  ex¬ 
periment  with  glucose-l-C14  amount¬ 
ed  to  1.91  gm  after  3  days  and  3.1 
gm  after  5  days  as  shown  in  Table 
1.  whereas  the  controls  yielded  1.87 
gm  and  3.06  gm  of  BaC03  for  the 
respective  intervals.  The  rate  at 
which  C1402  was  produced  in  3  days 
was  more  rapid  than  the  one  in  the 
5  day  run.  The  decrease  in  the  rate 
of  C1402  production  is  also  reflected 
by  the  values  given  as  total  percent 
of  C1402  collected. 

An  increasing  amount  of  evidence 
is  being  presented  relative  to  the  fact 
that  certain  organisms  catabolize 
glucose  at  first  much  faster  through 
the  hexosemonophosphate  shunt  by 
converting  glucose-C1  into  C02  ratli- 


Table  1. — Utilization  of  Glucose-l-C14  by  Debaryomyces  guilliermondii.  In 
each  experiment  4.75  ^  of  Glucose-l-C14  was  added  to  the  incubation  flask. 


Grams  of 

Specific 

activity 

Total 

activity 

Average 

glucose-l-C14 

Percent  of 

Days  of 

BaC03 

of  BaCOa 

recovered  in 

per  day  in 

glucose-l-C14 

incubation 

collected 

counts/g 

microcuries 

microcuries 

recovered 

3 

1.91 

0.231 

0.438 

0.146 

9.2 

5 

3.10 

0.165 

0.512 

0.102 

10.8 
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er  than  through  other  pathways.  In 
the  later  phases,  however,  the  Emb- 
den-Meyerhof  scheme  prevails 
(Koshland  and  Westheimer,  1950; 
Blumenthal  et  ah,  1954;  Horecker  et 
al.,  1954;  Claridge  and  Werkman, 
1954;  and  Clark  and  Wallace,  1958). 
The  present  findings  obtained  with 
glucose-l-C14  indicate  that  the  liexo- 
semonophosphate  scheme  is  a  path¬ 
way  of  glucose  breakdown  in  D.  guil¬ 
liermondii.  That  the  Embden-Meyer- 
hof  scheme  also  occurs  is  supported 
by  the  findings  of  Merdinger  and 
Shair,  1962,  who  isolated  pyruvate 
as  well  as  ethanol  and  acetate. 

The  amount  of  BaC03  obtained 
from  5%  lactose  with  the  nutrient 
salt  mixture  and  lactose  broth  with¬ 
out  the  nutrient  salts  over  a  period 
of  5  days  was  3.2  gm  and  2.1  gm, 
respectively.  The  higher  rate  of 
metabolic  activity  in  the  former 
medium  was  probably  due  to  the 
presence  of  the  nutrient  salts.  Since 
the  organism  produced  nearly  the 
same  amount  of  C02  with  lactose  as 
with  glucose  duirng  the  same  inter¬ 
val  of  time,  it  can  be  inferred  that  D. 
guilliermondii  can  utilize  both  carbo¬ 
hydrates  equally  well  and  that  it  pos¬ 
sesses  the  enzyme  system  for  the 
hydrolysis  of  lactose. 

In  corroboration  of  the  finding  of 
Oiovannozzi,  1941,  qualitative  tests, 
carried  out  with  5%  galactose  in  the 
basal  medium,  point  to  the  ability 
of  the  organism  to  metabolize  this 
carbohydrate.  In  those  experiments 
employing  starch  or  dextrin  as  the 
source  of  carbohydrate,  the  organism 
failed  to  grow,  which  confirms  previ¬ 
ous  reports. 


Summary 

Experiments  in  which  glucose-1 - 
C14  was  administered  to  a  strain  of 
Debaryomyces  guilliermondii  showed 
that  it  oxidizes  Cj.  as  C^O.,  at  first 
much  faster  than  other  carbon  atoms 
of  glucose.  The  organism  appears  to 
utilize  lactose  at  the  same  rate  as  it 
does  glucose  since  the  amounts  of 
BaCOo  obtained  with  either  sugar, 
collected  after  5  days,  are  practically 
the  same.  The  organism  grows  well 
with  galactose  as  a  single  source  of 
carbon. 
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RAT  DIAPHRAGM  METABOLISM  IN  THE  PRESENCE 
OF  THYROACTIVE  HORMONES,  PRECURSORS 

AND  GOITROGENS 


LEON  L.  GERSHBEIN 

Northwest  Institute  for  Medical  Research .  5656  West  Addison  Street,  Chicago 


Abstract.  —  Mean  changes  in  oxygen 
and  glucose  uptake  and  glycogen  content 
of  the  isolated  rat  diaphragm  incubated 
in  phosphate-saline  medium  containing 
120  mg  %  of  glucose  have  been  evalu¬ 
ated  in  the  presence  of  3-iodotyrosine 
(1.00  mg),  3,5-diiodotyrosine  (1.00  mg), 
D-thyroxine  Na  •  5ILO  (0.25  mg),  L-thy- 
roxine  Na  •  5LLO  (0.25  and  2.50  mg), 
3,5,3'-triiodothyronine  Na  (0.25  mg), 
bovine  thyroglobulin  (1.00  mg),  thiourea 
(1.00  mg),  6-propyl-2-thiouracil  (0.25 
mg)  and  DL-thyronine  (0.10  and  1.00 
mg)  and  were  found  to  be  significant 
only  for  the  last  agent  and  at  the  higher 
level.  In  this  case,  the  Qo^  and  glycogen 
content  were  markedly  depressed.  Pos¬ 
sibly,  a  borderline  significance  can  be 
attached  to  the  decrease  in  mean  glu¬ 
cose  content  observed  with  TSH  (1.67 
IU). 

Reisser  (1947)  interpreted  equivo¬ 
cal  data  as  perhaps  pointing  to  an 
increase  in  rat  diaphragm  glycogen 
synthesis  with  thyroxine  (0.1-0. 5 
mg)  or  rat  thyroid  extract  in  a  me¬ 
dium  containing  500  mg  %  of  glu¬ 
cose.  This  paper  presents  a  pharma¬ 
cological  study  undertaken  on  the 
isolated  rat  diaphragm  to  elucidate 
a  possible  role  of  thyroxine  and  triio¬ 
dothyronine  and  precursors  in  mus¬ 
cle  glucose  utilization  and  glycogen 
turnover. 

Materials  and  Methods 

Except  for  the  bovine  thyroglobu¬ 
lin  and  TSH  obtained  from  Sigma 
Chemical  Company,  the  source  of  the 
test  agents  was  Nutritional  Biochem¬ 


icals  Corporation.  The  TSH  contain¬ 
ed  1  U.S.P.  unit  (or  1  IU)  per  mg 
and  was  reported  to  be  almost  free 
of  STH,  gonadotrophins,  ACTH  and 
posterior  pituitary  activities.  The 
phosphate-saline  medium  of  Stadie 
and  Zapp  (1947)  was  employed  in 
the  incubation  of  diaphragms,  the 
glucose  content  being  120  mg  %.  It 
was  prepared  double  strength.  The 
test  agents  were  dissolved  in  physio¬ 
logical  saline  and  the  pH  brought  to 
7.0  with  sodium  hydroxide  in  the 
case  of  the  iodo-tyrosines  and  DL- 
thyronine.  Saline  or  a  solution  of 
saline  containing  the  specified  weight 
of  test  agent  in  1.0  ml  was  added  to 
an  equal  volume  of  double  strength 
Stadie  phosphate -glucose  medium 
per  Warburg  vessel.  These  comprised 
the  control  and  treatment  flasks,  re¬ 
spectively. 

Male  rats  purchased  from  the 
Holtzman  Rat  Compan}",  Madison, 
Wisconsin,  and  weighing  130-165  gm 
at  the  time  of  experimentation,  were 
starved  for  24  hr  in  order  to  deplete 
diaphragm  glycogen.  They  were  sac¬ 
rificed  by  swift  decapitation,  incised 
and  the  hemidiaphragms  rapidly  re¬ 
moved.  Care  was  taken  to  avoid  trau¬ 
ma  and  cutting  of  the  vena  cava.  The 
hemidiaphragms  were  chilled  in  sa¬ 
line,  trimmed,  blotted  between  filter 
paper,  weighed  and  introduced  into 
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the  Warburg  flasks.  One  hemidia- 
phragm  was  incubated  with  the  phos¬ 
phate-saline  control  and  the  other 
muscle  portion,  with  the  treatment 
mixture  or  medium  plus  test  agent. 
Controls  which  contained  the  media 
without  tissue  were  also  included. 
The  flasks  were  connected  to  the 
manometers,  the  system  gassed  with 
oxygen  for  10  min.  and  incubated  in 
the  bath  at  37.5°  C  for  1  hr.  The 
hemidiaphragms  were  then  removed, 
rinsed  with  saline,  blotted  and  im¬ 
mediately  digested  with  30%  KOH. 
The  glycogen  which  was  precipitat¬ 
ed  in  the  presence  of  sodium  sulfate 
on  addition  of  ethanol  according  to 
the  Walaas  and  Walaas  (1950)  modi¬ 
fication  of  the  Good,  Kramer  and 
Somogyi  procedure  (1933)  was  de¬ 
termined  by  Dreywood’s  anthrone 
reagent  (Morris,  1948).  Glucose  in 
the  incubated  mixtures  was  analyzed 
following  dilution  1 :5  with  water 
and  deproteinization  (Nelson,  1944; 
Somogyi,  1945).  Six  rats  were  em¬ 
ployed  per  Warburg  run  and  in¬ 
volving  two  test  agents. 

Results  and  Discussion 

Mean  changes  in  rat  diaphragm 
Qo2  glucose  uptake  and  glycogen 
content  in  the  presence  of  mono-and 
diiodo tyrosines  (each  at  a  level  of 
1.00  mg),  D-thyroxine  (0.25  mg),  L- 
thyroxine  (0.25  and  2.50  mg),  3,5,3'- 
triiodothyronine  (0.25  mg),  DL-thy- 
ronine  (0.10  and  1.00  mg),  bovine 
thyroglobulin  (1.00  mg),  TSH  (1.67 
IU),  thiourea  (1.00  mg)  and  propyl¬ 
thiouracil  (0.25  mg)  together  with 
the  pertinent  Fisher  t  values  appear 
in  Table  1.  The  levels  of  thyroxine 
and  triiodothyronine  are  in  terms  of 
the  sodium  salts  as  specified.  The 
contents  of  the  flask  containing  2.5 


mg  of  the  thyroxine  salt  occurred  as 
a  fine  cloudy  suspension.  A  statisti¬ 
cal  method  which  may  be  applied 
only  to  bulk  data  and  where  an  ex¬ 
perimental  design  is  not  followed, 
was  employed  to  eliminate  any  possi¬ 
ble  questionable  data.  Individual 
differences  were  excluded  which  ex¬ 
ceeded  R  zb  2.5  R ,  R  being  the  aver¬ 
age  range  (Grant,  1952). 

At  the  given  concentrations,  none 
of  the  test  agents  elicited  any  sta¬ 
tistically  significant  effect  on  the 
mean  oxygen  and  glucose  uptakes  or 
the  glycogen  content  of  the  isolated 
rat  diaphragm  except  for  DL-thy- 
ronine  in  amount  of  1.00  mg  or  3.7 
yM.  With  the  latter,  Qo2  and  gly¬ 
cogen  were  both  definitely  depressed, 
but  the  mean  decrease  in  glucose  up¬ 
take  was  not  marked ;  the  corre¬ 
sponding  results  were  equivocal  with 
0.10  mg  of  the  thyronine  as  well  as 
with  the  L-thyroxine  salt  at  the  com¬ 
parably  high  level. 

Attention  is  called  to  the  case  of 
TSH  (1.67  IU)  which  caused  a  de¬ 
pression  in  mean  glucose  content  of 
low  or  only  borderline  significance 
(t,  2.09;  P  =  0.05),  findings  which 
might  be  in  contrast  to  those  observ¬ 
ed  with  isolated  thyroid.  Thus,  Field 
and  coworkers  (1960)  reported  that 
TSH  produced  an  increase  in  glucose 
uptake  by  thyroid  slices. 
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THE  EFFECT  OF  THYEOID  HORMONES  ON  THE  GROWTH 
OF  GOLDFISH,  CARASS1US  AURATUS  (L.) 
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Abstract.  —  Synthetic  thyroid  hor¬ 
mones  increase  the  efficiency  of  food 
conversion  in  the  goldfish,  Carassius 
auratus  (L.).  However,  preparations  of 
parrot  fish  thyroid  gland  capable  of  pro¬ 
ducing  increased  oxygen  consumption  in 
laboratory  mice  fail  to  increase  efficien¬ 
cy  of  food  conversion  in  goldfish. 

During  experiments  designed  to 
study  the  morphogenic  effects  of  thy¬ 
roid  hormones  on  the  normal  epider¬ 
mis,  the  regeneration  of  scales,  and 
the  healing  of  superficial  wounds  of 
goldfish,  it  was  found  that  prolonged 
administration  of  synthetic  thyroid 
hormones  temporarily  increased  the 
efficiency  of  food  conversion  in  the 
goldfish,  Carassius  auratus,  a  natural 
hypothyroid.  This  effect  was  investi¬ 
gated. 

Materials  and  Methods 

Linebred  F5  xantliic  goldfish,  C. 
auratus  (L.),  obtained  from  Ozark 
Fisheries,  Inc.,  Stoutland,  Missouri, 
were  used  in  two  experiments  in 
which  thyroid  hormones  were  admin¬ 
istered  to  goldfish  thoroughly  con¬ 
ditioned  to  laboratory  life  prior  to 
treatment.  Although  all  fish  were 
less  than  one  year  old,  it  was  possible 
to  distinguish  the  males  from  the  fe¬ 
males  by  the  presence  of  breeding 
tubercles  on  the  first  pectoral  fin  ray 
of  the  males.  Fish  were  assigned  to 
treatment  in  random  fashion. 


Experiments  were  conducted  in  57 
liter  glass  aquaria  equipped  with  an 
airstone  and  airlift  filter  provided 
with  glass  wool  and  activated  char¬ 
coal.  The  pH  of  the  conditioned 
aquarium  water  was  maintained  at 
approximately  7.5  and  oxygen  con¬ 
tent  of  the  water  was  always  above 
6.0  ppm.  Temperature  was  main¬ 
tained  at  21  dz  1.0  C.  Daylight 
fluorescent  lamps  illuminated  the 
aquaria  10  hours  daily. 

Hormones  were  administered  by 
intra-abdominal  injection  on  days  2, 
5,  7,  and  10  of  each  10-day  period. 
Fresh  solutions,  made  each  week  in 
0.65%  saline,  were  buffered  (Soren¬ 
sen’s  phosphate)  at  pH  7.5  and  stor¬ 
ed  in  the  freezing  compartment  of  a 
refrigerator.  Solutions  were  made  so 
that,  regardless  of  treatment,  the 
total  volume  of  injected  fluid  was 
the  same  for  all  animals  of  the  same 
weight.  Injection  volumes  were  ad¬ 
justed  at  10-day  intervals  according 
to  weight  changes  of  individual  fish. 
Fish  were  weighed  to  the  nearest  0.05 
gm  on  a  triple  beam  balance  accurate 
to  ±  0.01  gm  after  excess  water  was 
lightly  blotted  with  paper  toweling. 
Standard  and  total  lengths  were  re¬ 
corded  to  t lie  nearest  0.5  millimeter. 
Fish  were  anesthetized  in  MS  222 
(Sandoz  Chemical  Co.,  New  York, 
N.  Y.)  prior  to  handling.  Individual 
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fish  were  identified  by  small  electro- 
cautery  marks  made  on  the  oper¬ 
culum. 

Regeneration  of  a  “key  scale”,  the 
seventh  from  the  first  row  above  the 
lateral  line  on  the  left  side  of  the 
body  was  followed,  and  at  necropsy, 
the  orginal  scale,  its  regenerate,  and 
its  opposite  number  from  the  right 
side  of  the  body  were  compared. 

Fish  were  fed  an  average  of  1.7% 
of  their  body  weight  per  day  of  a 
commercially  prepared  pelleted  diet 
(Perk  Foods  Co.,  Chicago,  Illinois) 
to  which  a  bit  of  raw  minced  beef 
liver  (less  than  5%  dry  weight  of 
the  ration)  was  added  on  alternate 
feeding  days.  Actual  food  intake  per 
feeding  day  was  approximately  3% 
of  the  body  weight  per  tank  of  fish, 
as  fish  were  not  fed  on  days  when 
injections  or  measurements  were 
scheduled.  Food  was  added  to 
aquaria  throughout  a  feeding  day  to 
insure  a  minimum  of  waste.  There 
was  no  mortality  during  this  investi¬ 
gation.  Specific  growth  Avas  calculat¬ 
ed  from  the  formula 

loge  Wj - loge  Wo 

- X  100 

tl - to 

where  W  =  weight  and  t  =  time. 

Coefficients  of  growth  were  calculat¬ 
ed  from  the  formula 

food  consumed 

-  x  100 

gain  in  wet  weight 

Data  were  tested  for  statistical  sig¬ 
nificance  using  the  Kruskall -Wallis 
one-way  analysis  of  variance  by 
ranks  (Siegel,  1956,  p.  184).  The 
level  of  significance  chosen  was  al¬ 
pha  (a)  =0.05. 


Results 

An  unexpected  advantage  in  incre¬ 
ments  in  weight  and  in  standard 
length  in  fish  treated  with  synthetic 
thyroid  hormones  occurred  during 
the  first  20  days  of  the  two  inde¬ 
pendently  conducted  experiments. 
Mean  initial  weights,  mean  percent¬ 
age  increases  in  weight,  mean  specific 
growth  per  day  in  weight,  coefficients 
of  growth,  and  mean  absolute  and 
percentage  increases  in  standard 
length  for  the  first  twenty  days  of 
the  two  experiments  are  summarized 
in  Table  1.  Experiment  two  (fe¬ 
males),  January,  was  not  begun  un¬ 
til  experiment  one  (males),  October 
through  December,  was  completed. 

The  males  were  maintained  70 
days  and  showed  no  significant  dif¬ 
ferences  in  the  coefficient  of  growth 
between  treated  and  untreated  fish 
during  the  last  40  days  of  treatment 
(p>0.50).  The  statistical  tests 
were  based  upon  the  first  three  and 
the  last  four  10-day  periods  of  the 
test  because  there  is  no  good  way  of 
comparing  two  values  from  each  of 
four  treatments.  The  data  for  days 
1  to  10  and  11  to  20  appeared  sig¬ 
nificant.  However,  the  hormonal  ef¬ 
fects  were  insignificant  after  the  first 
20  days,  probably  because  of  the  well 
known  pituitary -thyroid  feedback 
mechanism,  and  adding  a  third  10- 
day  interval  in  order  to  make  a  statis¬ 
tical  test  allows  only  a  marginal 
rejection  of  the  null  hypothesis 
(])  <  0.10  but  >  0.05).  In  all  inter¬ 
vals,  fish  treated  with  desiccated  par¬ 
rot  fish  thyroid  grew  at  rates  com¬ 
parable  to  saline  controls. 

New  circuli  added  at  the  margins 
of  normal  scales  of  males  treated 
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with  thyroxin  or  triiodothyronine 
were  more  numerous  after  70  days 
than  in  the  saline  control  or  parrot 
fish  thyroid  treated  animals,  seven 
males  treated  with  thyroxin  aver¬ 
aging’  3.3  circnli,  and  seven  males 
treated  with  triiodothyronine  averag¬ 
ing  3.1  new  circnli.  In  contrast,  sev¬ 
en  saline  controls  averaged  2.6  new 
circnli  and  seven  fish  treated  with 
parrot  fish  thyroid  extract  averaged 
only  1.9  new  circnli. 

Discussion 

Ideallv  the  coefficient  of  growth 
should  be  based  upon  individual  fish 
maintained  in  individual  aquaria. 
The  growth  results  were  so  unexpect¬ 
ed  that  no  provision  for  such  analy¬ 
sis  had  been  made  in  the  design  of 
experiments.  Nothing  in  the  litera¬ 
ture  at  the  time  the  experiments  were 
conducted  suggested  the  apparent  in¬ 
crease  in  the  efficiency  of  conversion 
of  food  observed  here.  The  decision 
not  to  feed  ad  libitum  was  made  to 
prevent  overfeeding  and  consequent 
disease  problems.  Unfortunately  the 
recent  experiments  of  Gross,  Fromm, 
and  Roelofs  (1963),  the  only  publish¬ 
ed  report  of  a  similar  effect  of  the 
thyroid  on  efficiency  of  food  conver¬ 
sion  in  fish,  were  not  idealized  either. 

The  efficacy  of  the  parrot  fish 
thyroid  powder  used  in  these  experi¬ 
ments  was  tested  by  Kenner,  Bjork- 
lund,  and  Gasdorf  (1964),  and  found 
to  significantly  increase  oxygen  con¬ 
sumption  in  white  laboratory  mice. 
With  this  established,  maturing  gold¬ 
fish  were  maintained  two  months  in 
aquarium  water  containing  desiccat¬ 
ed  parrot  fish  thyroid  1  :38,000. 


No  growth  or  morphogenic  re¬ 
sponses  were  obtained  even  after 
goldfish  were  seen  to  swallow  addi¬ 
tional  bits  of  parrot  fish  thyroid 
gland  mixed  with  moistened  pellets 
of  the  commercial  food  preparation. 
Therefore,  neither  processing  of  the 
glands  nor  dosage  level  appear  to 
have  caused  the  failure  of  the  fish 
thyroid  extract  to  elicit  significant 
growth  or  morphogenic  responses. 

Despite  the  indications  that  thy¬ 
roid  hormones  may  be  involved  in 
promoting  growth  of  fishes,  deci¬ 
sive  experiments  using  individual 
aquaria  and  including  hypophysec- 
tomized  fish  treated  with  thyroid  and 
growth  hormones  singly  and  in  com¬ 
bination  are  very  much  in  order. 
Chemical  analysis  of  desiccated  par¬ 
rot  fish  thyroid  gland  collected  at 
various  times  of  the  year  using  desic¬ 
cated  mamalian  glands  and  synthetic 
thyroxin  as  reference  standards 
would  also  be  helpful. 
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NEWS  AND  COMMENTS 


Now  it  is  October.  In  March  you 
will  read  this  section  and,  I  hope, 
make  plans  to  attend  the  Fifty- 
Eighth  Annual  Meeting — in  DeKalb. 
Bring  your  promising  undergrad¬ 
uate  and  high  school  students  (both 
of  whom  can  join  the  Academy  for 
two  dollars),  new  faculty  members, 
new  high  school  teachers,  new  grad¬ 
uate  students,  and  anyone  else  you 
can  dragoon  into  the  ranks.  The 
treasurer  will  be  ensconced  in  some 
central  location  to  sign  on  new  mem¬ 
bers. 

Bless  the  botanists.  They  sent 
more  News.  Two  new  faculty  mem¬ 
bers,  Professor  William  D.  Gray  and 
Professor  Jacob  Verduin,  have  been 
added  to  the  Southern  Illinois  Uni¬ 
versity  Department  of  Botany. 

Professor  Gray,  a  native  of  Jeffer¬ 
sonville,  Ind.,  received  his  Ph.D.  de¬ 
gree  in  1938  from  the  University  of 
Pennsylvania.  He  was  a  Fulbright 
lecturer  at  the  University  College  of 
Rhodesia  and  Nyasaland,  and  has 
been  at  Ohio  State  since  1947.  Gray, 
whose  specialties  include  general  and 
industrial  mycology  and  fungus 
physiology,  currently  is  engaged  in 
research  dealing  with  the  possible 
enlargement  of  the  world’s  protein 
pool  through  the  use  of  fungi.  He 
has  published  extensively  in  a  vari¬ 
ety  of  scientific  journals,  and  is  the 
author  of  “The  Relation  of  Fungi 
to  Human  Affairs.” 

Professor  Verduin,  formerly  chair¬ 
man  of  the  biology  department  at 


Bowling  Green  (Ohio)  State  Univer¬ 
sity,  is  a  specialist  in  aquatic  plant 
ecology,  limnology  and  radio-biology. 
His  research  has  been  supported  by 
both  the  National  Science  Founda¬ 
tion  and  the  Atomic  Energy  Com¬ 
mission.  He  received  his  Ph.D.  de¬ 
gree  from  Iowa  State  College  in  1947 
and  taught  at  the  University  of 
South  Dakota  and  Ohio  State  Uni¬ 
versity  before  going  to  Bowling 
Green. 

Paul  B.  Sears,  emeritus  professor 
at  Yale  University,  joined  the  botany 
faculty  for  the  winter  term  of  this 
year.  Dr.  Sears,  the  author  of 
Charles  Darwin  the  Naturalist,  Des¬ 
erts  on  the  March,  The  Ecology  of 
Man,  This  Is  Our  World ,  and  Who 
Are  These  Americans,  to  mention  a 
few  of  his  books,  is  a  specialist  in 
the  fields  of  conservation  and  ecol¬ 
ogy.  He  served  as  Chairman  of  the 
Yale  Conservation  Program  from 
1950  to  1960.  Dr.  Sears  is  lecturing 
and  serving  as  a  Consultant  on  Con¬ 
servation  in  planning  the  further 
growth  of  this  important  field  at 
Southern  Illinois  University. 

Professor  Harvey  I.  Fisher,  Chair¬ 
man  of  the  Zoolog3r  Department  at 
Southern  Illinois  University  and 
former  Editor  of  the  Transactions, 
is  spending  this  school  year  on  Mid¬ 
way  Island  continuing  the  long  range 
study  of  Gooney  Birds.  Mrs.  Fisher 
and  a  graduate  student,  Earl  Mes- 
eth,  are  assisting  him  in  the  project. 
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WILDLIFE  KNOWLEDGE  OF  SOUTHERN  ILLINOIS 

HIGH  SCHOOL  STUDENTS 

W.  D.  KLIMSTRA  and  CLARENCE  PRATT 

Southern  Illinois  University ,  Carbondale,  and 
Washington  Department  of  Game  , Olympia 


Abstract.  —  A  test  on  wildlife  knowl¬ 
edge  was  given  to  593  students  in  20 
high  schools  in  southern  Illinois.  An 
analysis  of  the  performance  on  various 
sections  of  the  test  was  made  and  com¬ 
ments  contributed  as  a  basis  for  inter¬ 
pretation  of  the  results. 


Because  of  the  increasing  importance 
of  conservation,  it  is  of  value  to  know 
the  level  of  understanding  of  the  subject 
by  high  school  students  so  that  educa¬ 
tional  programs  can  be  better  organize! 
and  evaluated.  The  activities  of  federal, 
state,  local  and  private  conservation 
agencies  are  ultimately  dependent  upon 
the  acceptance  of  a  wise  resource-use 
policy  by  the  public.  High  school  stu¬ 
dents  influence  the  opinions  and  atti¬ 
tudes  of  parents  who  may  voice  approval 
or  disapproval  of  resouice  management 
techniques.  On  the  other  hand,  students 
of  high  school  age  probably  reflect  the 
opinions  held  by  parents;  investigation 
of  the  student  then  will  give  indication 
of  the  conservation  knowledge  and  atti¬ 
tudes  of  parents. 

A  survey  in  1953  of  conservation  edu¬ 
cation  in  southern  Illinois  high  schools 
(Klimstra  and  Oberheu,  1955)  indicated 
that  over  99  percent  of  113  principals 
felt  that  high  school  graduates  should 
have  a  basic  knowledge  of  conservation. 
Eighty-four  percent  of  these  adminis¬ 
trators  were  of  the  opinion  that  gradu¬ 
ates  of  their  schools  possessed  an  inade¬ 
quate  concept  of  this  subject.  Further, 
most  administrators  thought  that  re¬ 
source  management  was  a  necessary  part 
of  high  school  curricula. 

As  a  follow-up  to  this  initial  study  by 
the  Cooperative  Wildlife  Research  Labo¬ 
ratory,  a  project  was  organized  in  late 
summer  of  1958  to  evaluate  the  conser¬ 
vation  knowledge  possessed  by  high 
school  students  in  southern  Illinois;  be¬ 
cause  of  limited  funds  only  wildlife  con¬ 


servation  was  emphasized.  However,  it 
was  believed  that  this  phase  would  yield 
information  applicable  to  an  evaluation 
of  the  level  of  understanding  for  other 
facets  of  resouice  use  and  management. 

A  test  was  prepared  concerning  or¬ 
ganization  and  regulations  of  the  United 
States  Fish  and  Wildlife  Service  and 
the  Illinois  Department  of  Conservation, 
interpretation  of  the  Illinois  Fish  and 
Game  Code,  and  ecology,  natural  history, 
and  management  of  wildlife.  Following 
the  preparation  of  an  outline  of  material 
basic  in  wildlife  management,  multiple- 
choice  items  were  piepared  which  dealt 
with  a  sample  of  all  material  which  was 
outlined.  Many  items  were  designed  ac¬ 
cording  to  those  utilized  by  other  investi¬ 
gators  (Capps  1939,  Curtis  1942,  Giles 
1958,  Selim  1951,  and  Weivel  1947). 
Several  items  were  included  as  modified 
from  a  test  used  by  Dr.  B.  K.  Barton, 
former  Director  of  Conservation  Educa¬ 
tion  in  Illinois;  some  were  adapted  from 
studies  conducted  by  the  Cooperative 
Wildlife  Research  Laboratory  in  sam¬ 
pling  conservation  knowledge  of  adults, 
and  in  the  mail  questionnaire  of  Klim¬ 
stra  and  Oberheu  (1955).  The  test,  de¬ 
signed  to  be  completed  in  one  40-minute 
class  period,  contained  48  fact  questions 
and  21  questions  requiring  an  opinion. 
Only  factual  questions  were  used  in  com¬ 
puting  percentile  scores. 

As  the  test  was  being  designed,  evalu- 
tion  was  obtained  from  wildlife  graduate 
students  at  Southern  Illinois  University; 
wildlife  personnel  of  several  states;  Dr. 
B.  K.  Barton,  former  Director  of  Con¬ 
servation  Education  in  Illinois;  and,  Dr. 
K.  D.  Orton,  Guidance  Department. 
Southern  Illinois  University.  Prior  to 
the  final  preparation,  the  test  was  pre¬ 
tested  at  University  High  School,  Car¬ 
bondale;  the  mean  scores  of  all  students, 
the  range  and  normal  curve  of  score 
distribution,  and  test  reliability  were 
found  to  be  satisfactory. 


[70] 


Wildlife  Knowledge  of  Students 


71 


The  early  plan  of  this  project  was  to 
investigate  one  or  two  high  schools  in 
each  of  the  31  counties  of  southern  Illi¬ 
nois.  Accordingly,  letters  were  sent  to 
county  school  superintendents  in  August 
of  1958  outlining  the  study  and  asking 
for  approval  to  administer  the  test;  13 
superintendents  responded.  During  Oc¬ 
tober  of  1958  principals  of  22  high 
schools  were  contacted  and  tests  and  in¬ 
structions  provided.  High  schools  of 
various  sizes,  including  those  in  small 
and  large  towns,  were  selected.  The 
test  was  administered  to  one  section  of 
Junior -level  English.  Twenty  high 
schools  returned  the  completed  tests  for 
593  students. 

Results 

Data  concerning  testing  period  and  the 
reaction  of  students  to  the  test  were  sup¬ 
plied  by  each  instructor  administering 
the  test.  As  indicated  by  the  instructors, 
an  average  of  44.3  minutes  was  allowed 
for  the  students  to  complete  the  test. 
The  test  had  been  designed  to  be  com¬ 
pleted  by  the  majority  of  students  in  40 
minutes;  however,  most  students  com¬ 
pleted  the  examination  in  an  average 
time  of  34.5  minutes. 

According  to  replies  of  individual  in¬ 
structors,  the  most  frequent  questions 
asked  by  students  concerned  the  purpose 
of  the  test.  Several  students  asked  why 
they  should  take  the  test  and  why  they 
had  not  been  given  instruction  in  the 
subject  of  conservation;  others  question¬ 
ed  whether  or  not  the  results  of  the  test 
might  influence  school  curricula.  There 
was  interest  expressed  in  results  of  their 
performance  and  how  they  compared 
with  other  high  schools.  Frequent  ques¬ 
tions  were  raised  about  the  correct  an¬ 
swers  on  the  test;  two  groups  of  students 
asked  about  sources  of  information  for 
subject  matter  of  the  test. 

The  distribution  of  test  scores  indicat¬ 
ed  little  skewness  or  kurtosis.  Mean 
percentage  score  achieved  was  38.1  with 
a  standard  deviation  of  scores  of  9.1. 
The  standard  deviation  compares  favor¬ 
ably  with  that  recorded  by  Capps  (1939) 
(10.8),  Curtis  (1942)  (10.3),  Giles 

(1958)  (19.3),  and  Selim  (1951)  (9.6). 

The  mean  score  for  students  of  south¬ 
ern  Illinois  high  schools  was  lower  than 
that  obtained  by  others  who  have  given 
similar  tests.  Capps  (1939)  obtained  a 
score  of  47.6  percent  while  Curtis  (1942) 
reported  a  score  of  49.5  percent.  Giles 
(1958),  testing  grades  6  through  12,  re¬ 
ported  an  average  score  of  48.6  percent; 
however,  students  of  Junior  level  in  high 


school,  averaged  62.2  percent.  Selim 
(1951)  reported  an  average  of  56.6  per¬ 
cent  and  Wievel  (1947),  testing  9th  and 
12th  grades,  obtained  an  average  score 
of  51.0  percent. 

Of  the  593  students,  333  females  show¬ 
ed  a  score  of  35.5  percent  compared  to 
38.8  percent  for  260  males.  Inasmuch  as 
the  test  stressed  wildlife,  the  higher  male 
score  might  be  expected. 

Analysis  of  the  test  results  on  the  basis 
of  subject  matter  showed  that  the  high¬ 
est  mean  score  was  attained  in  interpre¬ 
tation  of  items  from  the  Illinois  Fish 
and  Game  Code  (42.6%);  state  and  fed¬ 
eral  regulations  and  organizations  rank¬ 
ed  second  with  39.0  percent;  natural  his¬ 
tory  third  with  36.6  percent;  manage¬ 
ment  practices  fourth  with  34.3  percent; 
and  ecology  fifth  with  30.5  percent.  Stu¬ 
dents  with  the  most  successful  score 
knew  most  about  natural  history  where¬ 
as  those  with  lowest  scores  seemed  to 
be  best  informed  about  regulations  and 
organization.  However,  neither  the  up¬ 
per  nor  lower  group  averaged  more  than 
50  percent  on  any  category  of  questions. 

The  following  represent  some  selected 
answers  to  questions  which  are  believed 
to  reflect  the  basis  for  much  misunder¬ 
standing  regarding  administration  of 
wildlife  conservation  in  Illinois.  Ap¬ 
proximately  50  percent  knew  that  a  hunt¬ 
ing  license  was  required  of  everyone  who 
hunts  regardless  of  age,  whereas,  27  per¬ 
cent  indicated  that  the  17th  birthday  was 
the  minimum  age.  When  asked  to  inter¬ 
pret  a  section  from  the  Fish  and  Game 
Code  concerning  the  possession  of  game, 
only  17  percent  gave  the  correct  answer. 
The  identification  of  the  Director  of  the 
Illinois  Department  of  Conservation  was 
correctly  given  by  only  34  percent.  Four¬ 
teen  percent  knew  that  the  United  States 
Fish  and  Wildlife  Service  was  a  Bureau 
of  the  United  States  Department  of  In¬ 
terior  while  66  percent  said  it  was  a 
bureau  of  the  Department  of  Fur,  Fish 
and  Game.  About  50  percent  knew  that 
Illinois  was  in  the  Mississippi  Valley 
Waterfowl  Flyway.  Regarding  the  basic 
principle  for  managing  game  animals  67 
percent  selected  the  incorrect  answer, 
“solely  to  protect  wildlife  from  extinc¬ 
tion.”  In  a  question  concerning  the  most 
effective  long  range  wildlife  management 
practice,  29  percent  said  supplying  food 
and  cover,  30  percent  said  placing  re¬ 
strictions  on  the  hunter,  and  31  percent 
said  establishing  refuges  where  no  hunt¬ 
ing  is  allowed. 

Answers  to  the  opinion  type  questions 
yielded  information  which  should  be  of 
interest  to  parents,  teachers,  school  ad- 
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ministrators  and  the  State  Superintend¬ 
ent  of  Instruction.  Because  of  the  nature 
of  these  questions,  and  their  answers, 
some  will  be  commented  on. 

When  asked  what  mass  media  con¬ 
tributed  most  to  their  knowledge  about 
wildlife,  54  percent  said  magazines,  21 
percent  television,  20  percent  movies,  3 
percent  newspapers  and  1  percent  ra¬ 
dio.  Regarding  their  relationship  with 
associates  28  percent  said  personal  ex¬ 
perience  provided  them  with  the  greatest 
amount  of  knowledge,  25  percent  family, 
23  percent  friends,  12  percent  teachers, 
and  11  percent  membership  in  clubs. 

Seventy-six  percent  felt  that  their 
school  did  not  place  sufficient  emphasis 
on  conservation.  In  contrast  the  study 
by  Klimstra  and  Oberheu  (1955)  re¬ 
vealed  that  58  percent  of  the  school  prin¬ 
cipals  felt  that  their  schools  did  give 
adequate  stress.  These  same  school  prin¬ 
cipals,  however,  indicated  that  84  per¬ 
cent  of  their  graduates  did  not  have  an 
adequate  concept  of  conservation.  Fifty 
percent  of  the  students  believed  that 
most  graduates  have  a  fair  amount  of 
knowledge. 

Among  the  students,  48  percent 
thought  that  if  conservation  was  includ¬ 
ed  in  their  curriculum,  it  should  be  in¬ 
tegrated  in  specific  courses.  The  survey 
of  the  principals  by  Klimstra  and  Ober¬ 
heu  (1955)  showed  that  integration  in 
specific  courses  was  preferred  by  64  per¬ 
cent. 

Conclusions 

The  results  of  this  survey  suggest  a 
number  of  factors  which  bear  special 
enumeration : 

1.  The  fact  that  52  percent  of  those 
who  took  the  test  thought  that  it  was 
easy  indicated  many  were  confident  that 
they  knew  the  answers;  much  of  this 
probably  reflected  the  influence  of  par¬ 
ents  and  friends.  In  fact,  results  of  this 
test  possibly  reflected  training  at  home 
as  well  as  in  school.  This  was  believed 
especially  evident  in  attitudes  regarding 
stocking,  predators,  and  hunting  pres¬ 
sure. 

2.  Because  only  12  percent  indicated 
they  learned  most  about  conservation 
from  their  teachers  implied  that  not 
much  is  emphasized,  or  that  not  much  is 
learned,  in  the  classroom.  This  may  well 
be  related  to  the  background  of  teachers 
and  the  attitude  of  the  administrators 
that  natural  science  and  agriculture  in¬ 
structors  should  be  solely  responsible  for 


conservation  training.  A  teacher  certifi¬ 
cation  requirement  in  conservation  could 
contribute  to  a  correction  of  this  prob¬ 
lem. 

3.  The  mass  media  need  attention  and 
our  support  in  dissemination  of  conser¬ 
vation  information.  Certainly  maga¬ 
zines,  television  and  movies  could  be 
vastly  improved  in  quality  and  in  dis¬ 
tribution.  These  apparently  already 
serve  major  functions  in  reaching  the 
high  school-age  group. 

4.  The  fact  that  524  of  593  students 
replied  to  a  question  as  to  why  the  peo¬ 
ple  concerned  with  the  management  of 
wildlife  were  interested  in  what  you 
know,  suggested  a  genuine  interest. 
Their  comments  would  enlighten  many 
school  administrators. 

5.  One  of  the  real  answers  to  the  gen¬ 
eral  low  level  of  knowledge  of  conser¬ 
vation  was  evident  in  the  response  of 
county  school  superintendents  to  the 
initial  query  regarding  the  survey  in 
their  respective  counties.  Only  13  of 
31  replied  to  the  initial  contact;  a  sub¬ 
sequent  letter  resulted  in  8  more  re¬ 
plies.  This  suggested  that  there  is  con¬ 
siderable  lack  of  interest  at  the  adminis¬ 
trative  level. 

These  data  suggested  that  the  Illinois 
public  has  reason  to  be  alarmed  about 
the  present  training  of  secondary  pupils 
in  conservation.  However,  much  of  this 
could  be  corrected  through  appropriate 
changes  in  the  requirements  for  cer¬ 
tification  of  all  secondary  school  teachers 
and  the  redesigning  of  school  curricula. 
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ARTHUR  GIBSON  VESTAL 
1888  -  1964 


ROBERT  A.  EVERS 
State  Natural  History  Survey.  Urbana 


ARTHUR  GIBSON  VESTAL  1888-1964 


Arthur  Gibson  Vestal,  professor 
emeritus,  University  of  Illinois,  and 
a  long-time  member  of  the  Illinois 
State  Academy  of  Science,  died  at 
1  :45  a. m.,  Friday,  June  5,  1964,  in 
Champaign,  Illinois,  at  the  age  of 
75  years,  10  months  and  25  days. 

Dr.  Vestal  was  born  in  La  Grange, 
Illinois,  on  September  10,  1888. 
When  he  was  8  years  old  he  went 


to  live  near  Pentwater,  Michigan, 
on  the  farm  of  his  great-aunt.  There 
he  developed  an  interest  in  botany 
and  more  especially  in  the  vegeta¬ 
tion  of  dunes  and  bogs,  an  interest 
that  continued  throughout  his  life. 
At  the  time  he  had  what  he  called 
“the  vague  notion  it  might  be  in¬ 
teresting  to  know  the  plants”  and 
why  some  grew  where  they  did.  He 
moved  to  Chicago  where  he  attended 
the  public  schools  and  graduated 
from  high  school. 

Dr.  Vestal  attended  the  Univer¬ 
sity  of  Illinois  and  took  courses  in 
plant  and  animal  ecology  under  H. 
A.  Gleason  and  Charles  C.  Adams. 
During  the  summer  of  1909  he  was 
employed  as  a  botanist  by  the  State 
Laboratory  of  Natural  History,  now 
the  Illinois  Natural  History  Sur¬ 
vey.  In  1911,  he  was  awarded  the 
Bachelor  of  Arts  degree  by  the  Uni¬ 
versity  of  Illinois.  In  the  same  year 
he  was  appointed  instructor  in  bi¬ 
ology  at  the  University  of  Colorado, 
a  position  he  held  until  1914. 

At  the  University  of  Colorado, 
Professor  Vestal  became  acquainted 
with  Francis  Ramaley,  a  “modest 
and  great  botanist  and  ecologist,” 
and  the  “versatile”  zoologist,  T.  D. 
A.  Cockerell.  Professor  Vestal  had 
the  ambition  to  do  the  plant  and 
animal  ecology  of  the  Great  Plains 
but  learned  on  a  visit  to  H.  L. 
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Sliaii  u,  then  at  Akron,  Colorado, 
that  Shantz’s  ambition  was  a  re¬ 
gional  study  of  the  prairie  regions 
and  the  Great  Plains.  Professor  Ves¬ 
tal  abandoned  his  own  ambitions  in 
this  field  and  began  a  study  of  the 
eastern  border  of  the  southern  Rocky 
Mountains,  from  central  Wyoming 
into  New  Mexico.  In  his  studies  he 
‘  ‘  found  it  necessary  to  learn  more 
about  plants  before  understanding 
the  animal  part  of  such  a  study,  and 
to  learn  more  about  physical  ge¬ 
ography  and  history  before  under¬ 
standing  the  plant  part.”  His  field 
work  was  accomplished  by  “railroad, 

footwork,  and  chiefly  bicycle, - .  ” 

To  him,  the  bicycle  trips  were  the 
most  interesting  and  in  later  years 
he  was  delighted  to  recount  his  ex¬ 
periences  with  a  bicycle  in  the  Rocky 
Mountains.  As  a  result  of  these 
studies  he  published  three  papers 
(1914,  1917,  and  1919)  that  remain 
excellent  contributions  to  the  ecology 
of  the  front  range. 

Professor  Vestal  spent  the  sum¬ 
mer  of  1913  at  Douglas  Lake  in 
Michigan,  doing  quadrat  studies  for 
H.  A.  Gleason  and  correlating  grass¬ 
hoppers  with  plant  communities. 
Also  in  1913  he  received  a  Master 
of  Arts  degree  from  the  University 
of  Colorado.  The  summer  of  1914 
he  spent  at  the  Montana  Biological 
Station  at  Flathead  Lake. 

Professor  Vestal  attended  the  Uni¬ 
versity  of  Chicago  where  he  spent 
four  quarters  with  Professor  H.  C. 
Cowles.  These  four  quarters  plus  the 
graduate  credit  from  the  University 
of  Colorado  were  sufficient  for  him 
to  receive  in  September,  1915,  the 
Doctor  of  Philosophy  degree.  While 
attending  the  University  of  Chicago 
he  met  Dr.  Wanda  Pfeiffer,  a  mem¬ 


ber  of  the  faculty  of  the  botany  de- 
partment.  In  1916  they  were  mar¬ 
ried. 

Upon  completion  of  his  doctorate, 
Professor  Vestal  went  to  Eastern  Il¬ 
linois  University,  succeeding  E.  N. 
Transeau.  He  spent  five  years  at 
Charleston,  during  which  time  he 
developed  an  acquaintance  with  Coles 
and  Cumberland  counties  and  pub¬ 
lished  several  short  papers  on  their 
ecology. 

In  1920,  Professor  Vestal  moved 
to  California  where  he  joined  the 
faculty  of  Stanford  University  as 
assistant  botanist.  While  at  Stanford 
his  researches  centered  on  the  rela¬ 
tions  between  soils  and  vegetation, 
physical  environments  in  forest,  cha¬ 
parral  and  grassland,  and  on  the 
many  types  of  grasslands  in  various 
sections  of  California.  Lie  continued 
his  studies  of  the  latter  during  sum¬ 
mers,  during  leaves  of  absence,  and 
after  his  retirement.  During  his 
years  at  Stanford  he  had  an  active 
association  with  F.  E.  Clements,  the 
noted  ecologist. 

In  1929,  Professor  Vestal  returned 
to  the  botany  department  of  his  alma 
mater,  the  University  of  Illinois.  To 
him  the  University  of  Illinois  had 
a  long  tradition  of  work  in  plant 
and  animal  ecology,  beginning  with 
Stephen  A.  Forbes.  He  taught  a  num¬ 
ber  of  courses  including  forest  ecolo¬ 
gy,  plant  ecology,  plant  geography, 
and  plant  communities.  Incidental  to 
teaching  he  explored  the  literature 
of  ecology  and  regional  plant  geogra¬ 
phy,  compiling  notes  and  excerpts 
and  accumulating  a  vast  card  file. 
Among  his  treasures  were  “expres¬ 
sions  by  old-timers  of  ideas  recur¬ 
rently  discovered  by  present-day 
ecologists.”  Dr.  Vestal  had  an  in- 
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terest  in  poetry,  especially  that  which 
touched  on  natural  history. 

In  1932  Dr.  Vestal  had  a  very 
interesting  summer  session  at  the 
University  of  Wyoming  Biological 
Station.  This  was  followed  by  travel 
and  study  in  California.  From  then 
until  his  retirement  from  the  Uni¬ 
versity  of  Illinois,  he  visited  the  west 
coast  at  almost  regular  two-year  in¬ 
tervals.  During  his  leaves  of  absence 
in  1937,  1947,  and  1955,  he  collected 
grassland  plants  and  studied  these 
species  in  herbaria  at  Berkeley  and 
Stanford. 

On  September  1,  1957,  Professor 
Vestal  retired  after  28  years  of  ac- 
tive  work  in  the  botany  department 
of  the  University  of  Illinois.  Re¬ 
tirement  to  him  did  not  mean  a  cessa¬ 
tion  of  activity.  His  interest  in  the 
•/ 

vegetation  of  Illinois  continued  and 
he  was  delighted  to  spend  time  in 
the  field.  His  trips  to  the  west  coast 
continued,  as  did  his  study  of  the 
California  grasslands.  His  last  trip 
to  the  coast  was  in  1963. 

Upon  his  return  from  the  west 
in  the  autumn  of  1963,  Professor  Ves¬ 
tal  showed  signs  of  illness.  In  De¬ 
cember  he  was  first  hospitalized. 
From  that  time  he  had  periods  of 
hospitalization  until  his  death  on 
June  5,  1964.  Dr  Vestal  is  survived 
by  his  widow,  two  sons  and  a  daugh¬ 
ter. 

Dr.  Vestal  served  in  the  botany 
department  of  the  University  of  Il¬ 
linois  under  three  heads  and  two 
chairmen :  C.  F.  Hottes,  J.  T.  Buck- 
holz,  N.  E.  Stevens,  0.  Tippo,  and 
J.  R.  Laughnan.  During  his  student 
days  in  the  department  he  was  ac¬ 
quainted  with  the  pioneer  botanist, 
Dr.  T.  J.  Burrill.  He  was  later  as¬ 
sociated  with  professor-emeritus  Wil¬ 


liam  Trelease.  He  knew  and  admired 
Stephen  A.  Forbes.  He  was  truly  a 
bridge  between  early  and  present 
botany  and  biology  at  the  Univer- 
sity. 

Professor  Vestal  had  a  questioning 
attitude  and  an  unwillingness  to  ac¬ 
cept  authoritative  pronouncements 
by  someone  who  attained  a  wide  fol- 
lowing.  He  “tilted  a  numer  of  wind¬ 
mills,”  among  which  were  climate- 
worship  with  the  accompanying  ne¬ 
glect  of  topographic  and  edaphic 
influences;  also  overemphasis  on  cli¬ 
max,  the  faith-like  belief  that  suffi¬ 
cient  measurement  of  the  physical 
environment  will  provide  a  sufficient 
explanation  of  the  presence  of  a 
particular  community,  and  the  faith 
or  belief  that  the  proper  plants  will 
in  time  invariably  arrive  at  and 
establish  themselves  in  a  particular 
habitat.  He  contributed  to  the  ideas 
about  communities  and  their  enor¬ 
mous  variabilities  in  composition  and 
in  abilities  to  adjust,  to  statistics 
of  vegetation,  and  to  more  flexible 
ideas  of  succession. 

Professor  Vestal,  as  a  member  of 
the  Illinois  State  Academy  of  Sci¬ 
ence,  made  use  of  the  Transactions 
to  publish  twelve  papers.  One  of 
these  (1935),  “A  bibliography  of 
the  ecology  of  Illinois,  Part  I,”  has 
been  of  great  value  to  many  students 
of  ecology  in  Illinois. 
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In  Press 

Notes  on  Dr.  Hilgard’s  description  of 
prairies.  Follows  “Botanical  features 
of  the  prairies  of  Illinois  in  ante-rail¬ 
road  days”  by  Eugene  W.  Hilgard. 
His  6  pp.  MS.,  written  in  1915,  describ¬ 
ing  the  prairies  near  Belleville  (1S36- 
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the  definitive  biography  of  Hilgard  by 
Hans  Jenny,  to  be  published  in  Chron¬ 
ica  Botanica. 
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Abstract. — Structural  development  of 
the  LaSalle  Anticlinal  Belt  and  some 
adjacent  structures  from  the  time  of 
deposition  of  Colchester  (No.  2)  Coal 
(middle  Pennsylvanian  time)  to  the 
present  within  a  five  county  area  in  east- 
central  Illinois  has  been  interpreted 
from  an  isopach  map  of  the  Carbondale 
Formation  and  a  sequence  of  stratigra¬ 
phic  and  structural  cross  sections. 

The  Colchester  (No.  2)  Coal,  which  is 
assumed  to  have  been  originally  de¬ 
posited  over  an  essentially  level  surface, 
is  now  1000  feet  higher  on  some  parts 
of  the  LaSalle  Anticlinal  Belt  than  it 
is  in  the  basin  part  of  the  area.  About 
four-fifths  of  the  structural  movement 
that  has  occurred  since  deposition  of 
No.  2  Coal  is  believed  to  have  taken 
place  near  the  end  of,  or  after,  Pennsyl¬ 
vanian  time. 

Present  structure  of  the  Kimmswick 
“Trenton”  Limestone  (Ordovician)  in 
the  area  shows  that  the  structural  move¬ 
ment  following  deposition  of  No.  2  Coal 
constitutes  less  than  half  the  total  move¬ 
ment  that  has  occurred  during  the  entire 
structural  history  of  the  LaSalle  Anti¬ 
clinal  Belt. 

The  LaSalle  Anticlinal  Belt,  one 
of  the  major  structural  features  of 
Illinois,  extends  south-southeastward 
from  north  of  LaSalle  County  to 
northeast  Wabash  County  and  from 
there  a  short  distance  into  south¬ 
west  Indiana.  Its  existence  and  gen¬ 
eral  location  within  the  several  coun¬ 
ties  it  traverses  have  long  been 
known,  and  it  frequently  has  been 
the  subject  of  geologic  investigation. 
Studies  have  shown  it  to  be  a  com¬ 
plex  structure  that  along  different 
parts  of  its  trend  may  consist  of  (1) 


a  series  of  en  echelon  folds,  (2)  a 
simple  asymmetrical  anticline,  or  (3) 
a  monocline. 

Because  of  a  cover  of  glacial  drift 
and  scant  subsurface  information 
along  the  major  part  of  its  strike, 
much  of  the  detail  of  structure  and 
history  of  development  of  the  anti¬ 
cline  still  remains  obscure.  Oppor¬ 
tunities  to  observe  the  structure  in 
outcrop  generally  are  limited  to  the 
vicinity  of  LaSalle,  near  its  northern 
terminus,  where  the  crest  has  been 
breached  by  the  Illinois  River  and 
some  of  its  tributaries.  There  Ordo¬ 
vician  and  Pennsylvanian  rocks  are 
well  exposed  in  several  places.  Small¬ 
er  outcrops  are  found  in  other  lo¬ 
calities,  but  they  usually  are  too 
small  to  reveal  much  of  the  struc¬ 
ture.  As  a  consequence  of  this  lim¬ 
ited  exposure,  opportunities  for  de¬ 
tailed  investigation  are  largely  de¬ 
pendent  upon  subsurface  data  and 
methods. 

The  considerable  amount  of  data 
from  petroleum  prospecting  along 
the  anticlinal  belt  in  east-central 
Illinois  and  the  existence  of  rela¬ 
tively  strong  folding  in  parts  of  this 
area  make  it  ideal  for  subsurface 
investigation  of  present-day  struc¬ 
ture  and  structural  growth. 

This  report  is  an  outgrowth  of 
more  comprehensive  studies  of  sub¬ 
surface  Pennsylvanian  geology  and 
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EXPLANATION 


LIMIT  OF  PENNSYLVANIAN 
FORMATIONS  IN  THE 
ILLINOIS  BASIN 

AREA  OF  THIS  REPORT 

10  S  0  10  20  30  4  0  MILES 


Figure  1.  Index  map  showing  the  location  of  the  report  area  relative  to  the 
Pennsylvanian  boundary  in  the  Illinois  Basin  and  relative  to  the  Fairfield  Basin. 
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Figure  2.  Index  map  of  report  area  showing  position  of  major  structural 
features. 


coal  resources  of  several  counties  in 
east-central  Illinois  (Clegg,  1959, 
1965).  As  the  studies  were  concerned 
mainly  with  strata  of  approximately 
the  upper  half  of  the  Pennsylvanian 
System,  only  that  part  of  the  struc¬ 
tural  development  of  the  LaSalle 
Anticlinal  Belt  that  took  place  after 
deposition  of  Colchester  (No.  2)  Coal 
is  considered  in  the  present  report. 


Earlier  movement  involving  lower 
Pennsylvanian  and  pre-Pennsylvani¬ 
an  strata  has  been  reported  in  many 
publications. 

Geographic  and  Geologic  Setting 
The  area  studied  includes  five 
counties  of  east-central  Illinois — 
Cumberland,  Coles,  Douglas,  Edgar, 
and  Clark  (Fig.  1). 

Figure  2  shows  the  general  posi- 
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tions  and  trends  of  fold  axes.  Ap¬ 
proximately  the  west  third  of  the 
study  area  is  in  the  Fairfield  Basin, 
which  is  the  deeper  part  of  the  Il¬ 
linois  Basin.  Immediately  to  the  east 

t / 

is  the  structurally  higher  LaSalle 
Anticlinal  Belt.  The  Marshall  Syn- 
eline  borders  the  LaSalle  Anticlinal 
Belt  on  the  east  in  Clark  and  Edgar 
Counties.  Each  of  these  three  major 
structural  divisions  of  the  area  is 
characterized  by  subsidiary  anti- 
dines,  synclines,  domes,  and  basins. 

The  Fairfield  Basin  occupies  a 
considerable  part  of  south -central 
Illinois.  The  largest  subsidiary  struc¬ 
ture  of  that  part  of  the  Fairfield 
Basin  included  within  the  report 
area  is  the  Mattoon  Anticline  (Fig. 
2),  which  strikes  generally  north- 
south  along  the  west  side  of  northern 
Cumberland  and  southern  Coles 
Counties.  A  few  smaller  anticlines 
also  are  present,  especially  in  north¬ 
ern  Coles  County  and  in  Douglas 
County,  but  for  the  sake  of  clarity 
they  have  not  been  shown  in  Figure 
2.  The  Fairfield  Basin  is  struc¬ 
turally  the  lowest  part  of  the  report 
area. 

The  LaSalle  Anticlinal  Belt  occu¬ 
pies  almost  half  the  report  area, 
with  its  west  flank  forming  a  struc¬ 
tural  divide  at  the  edge  of  the  Fair- 
field  Basin  in  Cumberland,  Coles, 
and  Douglas  Counties.  It  is  a  com¬ 
plex  structure  consisting  of  subsidi¬ 
ary  anticlines  and  synclines  and  has 
a  gentle  southward  plunge. 

The  structurally  highest  segment 
of  the  LaSalle  Anticlinal  Belt  within 
the  report  area  is  the  Tuscola  Anti¬ 
cline,  an  asymmetrical,  southward- 
plunging  fold  extending  into  the 
report  area  from  the  northwest  part 
of  Douglas  County  southeast  to  the 


vicinity  of  Charleston  in  Coles  Coun¬ 
ty.  Throughout  its  length  its  steeper 
west  flank  coincides  with  the  west 
flank  of  the  LaSalle  Anticlinal  Belt. 
South  of  Charleston  the  LaSalle  An¬ 
ticlinal  Belt  becomes  generally  mono- 
clinal,  with  strata  dipping  less  steep¬ 
ly  westward  into  the  Fairfield  Basin. 

The  small,  g  e  n  1 1  y  southward  - 
plunging  Murdock  Syncline  lies  ad¬ 
jacent  to  the  east  side  of  the  Tus¬ 
cola  Anticline  in  Douglas  County 
and  northern  Coles  County.  Limited 
data  preclude  accurate  definition  of 
the  north  and  south  ends  of  the 
Murdock  Syncline.  It  probably  loses 
its  identity  in  Champaign  County 
a  few  miles  north  of  Douglas  County. 
There  is  some  indication  that  to¬ 
wards  its  south  end  the  syncline  is 
less  prominently  developed  and  that 
it  may  swing  towards  the  southwest 
around  the  south  end  of  the  Tuscola 
Anticline  to  form  a  low  cross  fold 
in  the  west  flank  of  the  LaSalle  Anti¬ 
clinal  Belt  a  few  miles  south  of 
Charleston. 

The  most  complex  subsidiary  struc¬ 
ture  of  the  LaSalle  Anticlinal  Belt 
in  the  report  area  is  the  Oakland 
Anticline.  It  is  a  composite  structure 
consisting  of  several  domes,  anti¬ 
clines,  synclines,  and  poorly  defined 
basins.  Most  prominent  of  these  are 
the  Brocton  Dome  in  western  Edgar 
County  and  the  Westfield  Dome  in 
northwestern  Clark  County.  The 
Oakland  Anticline  is  an  asymmetri- 
cal  fold  with  its  steeper  east  limb 
being  common  to  the  west  flank  of 
the  Marshall  Syncline. 

The  Marshall  Syncline  also  is 
asymmetrical,  with  a  comparatively 
steep  west  flank.  It  plunges  gently 
southward  and  strikes  north -south 
through  Clark  County  and  the  south- 
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ern  half  of  Edgar  County,  then 
swings  slightly  northwestward 
around  the  east  side  of  the  Brocton 
Dome.  It  appears  to  extend  north  of 
the  report  area  at  least  as  far  as 
Iroquois  County.  South  of  Clark 
County  in  becomes  broader  and  more 
gently  dipping  on  both  flanks,  and 
ultimately  loses  its  identity  against 
what  appears  to  be  a  low  and  ir¬ 
regular  east-west  cross  fold  of  the 
LaSalle  Anticlinal  Belt  in  south-cen¬ 
tral  Crawford  County.  The  Elbridge 


Dome  and  the  Nevins  Dome  on  the 
east  synclinal  flank  in  southeastern 
Edgar  County  were  formed  by  the 
draping  of  rock  strata  over  deeply 
buried  structures  generally  consid¬ 
ered  to  be  Silurian  reefs. 

Materials  and  Methods 

Almost  all  of  the  data  used  in 
this  study  were  obtained  from  rec¬ 
ords  of  petroleum  test  drilling.  The 
most  dependable  and  most  extensive¬ 
ly  used  of  these  were  electric  logs. 


Figure  3.  Isopach  map  of  the  Carbondale  Formation. 
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The  aata  were  used  to  construct  an 
isopacli  map  (Fig-.  3)  and  a  pro¬ 
gressively  developed  cross  section  ex¬ 
tending  east-west  across  the  central 


part  of  the  report  area  (Fig.  4).  The 
map  and  cross  section,  in  conjunc¬ 
tion  with  structure  contour  maps 
of  three  Pennsylvanian  coals  (Clegg, 
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Figure  4.  Stratigraphic  and  structural  cross  sections  showing  progressive  de¬ 
velopment  and  present  structure  of  the  LaSalle  Anticlinal  Belt  and  adjacent  struc¬ 
tures  in  central  Coles  and  Edgar  Counties.  The  line  of  cross  section  is  shown  on 
Figure  2  (W-E). 
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1959,  1965),  provide  a  basis  for 
s t u d y  i  n  g  structural  development. 
Hence  the  report  is  based  almost 
entirely  upon  subsurface  geologic 
materials  and  methods. 

The  lines  of  isopach  maps  connect 
points  of  equal  vertical  distance  be¬ 
tween  two  reference  surfaces  and 
therebv  show  any  variation  in  thick- 
ness  of  the  intervening  strata.  They 
also  permit  interpretation  of  the 
structure  of  the  lower  reference  sur¬ 
face  as  it  was  at  the  time  the  upper 
was  formed,  thereby  revealing  the 
extent  and  nature  of  any  structural 
movement  that  may  have  taken  place 
within  the  time  interval  between  the 
formation  of  the  two  surfaces.  For 
instance,  the  structure  of  Colchester 
(No.  2)  Coal  as  it  was  at  the  time 
Danville  (No.  7)  Coal  was  deposited 
can  be  interpreted  from  the  isopach 
map  (Fig.  3).  The  detail  with  which 
structural  movement  can  be  shown 
is  determined  by  the  quantity  and 
quality  of  subsurface  data  used  and 
the  contour  interval  selected  for 
mapping. 

Use  of  isopach  maps  for  structural 
interpretation  necessitates,  of  course, 
the  assumption  that  the  strata  in¬ 
volved  were  deposited  originally  over 
essentially  flat  and  horizontal  sur¬ 
faces.  Such  an  assumption  generally 
is  considered  to  be  valid  where  Penn¬ 
sylvanian  limestones  and  coals  in 
Illinois  are  concerned. 

To  interpret  tectonic  movement 
from  isopach  maps  and  stratigraphic 
cross  sections  the  possible  role  played 
by  differential  compaction  of  sedi¬ 
ments  must  be  considered.  The  drap¬ 
ing  of  Pennsylvanian  strata  over 
Silurian  reefs  in  southeastern  Edgar 
County  is  the  result  of  differential 
compaction  of  thicker  sediments  in 


areas  adjacent  to  the  reefs.  Probably 
some  of  the  smaller  domes  of  the 
Oakland  Anticline  also  are  due,  in 
part  at  least,  to  differential  compac¬ 
tion  over  and  around  sandstone  bod¬ 
ies.  In  general,  however,  tectonic 
movement  appears  to  have  been  the 
controlling  factor  that  determined 
major  locations  and  trends  of  the 
structural  features  in  this  area,  with 
differential  compaction  serving  only 
to  increase  the  degree  of  structural 
dip. 

Stratigraphic  cross  sections  offer 
a  somewhat  more  limited  means  of 
studying  structural  development  in 
that  they  normally  display  conditions 
in  one  direction  only,  that  is,  along 
the  line  of  the  cross  section.  How¬ 
ever,  when  supported  by  isopach  and 
structure  maps  of  the  area  traversed, 
their  reliability  as  indicators  of  con¬ 
ditions  for  some  distance  on  either 
side  of  their  line  of  traverse  is  con¬ 
siderably  enhanced.  The  same  rea¬ 
soning  applies  to  the  use  of  structural 
cross  sections.  As  is  true  of  isopach 
maps,  the  originally  level  deposition 
of  the  reference  strata  must  be  as¬ 
sumed  and  the  possible  role  of  dif¬ 
ferential  compaction  of  sediments 
considered. 

Inasmuch  as  they  are  supported 
by  detailed  structural  maps  of  sev¬ 
eral  coals  (Clegg,  1959,  1965),  the 
isopach  map  and  cross  section  pre¬ 
pared  for  this  report  are  considered 
to  provide  a  reasonably  reliable  pic¬ 
ture  that  may,  in  general,  be  applied 
to  the  area  as  a  whole. 

Interpretation 

The  Carbondale  Formation  in¬ 
cludes  all  strata  between  the  top 
of  Danville  (No.  7)  Coal  and  the 
base  of  Colchester  (No.  2)  Coal.  Al- 
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though  the  isopach  interval  is  50 
feet  (Fig.  3),  the  positions  of  all 
the  major  structural  features  except 
the  Marshall  Syncline  can  be  identi- 
tied  on  the  isopach  map.  The  Fair- 
field  Basin  is  the  area  generally 
west  of  the  250-foot  contour  that 
extends  from  north -northwest  to 
south-southeast  through  Douglas, 
Coles,  and  Cumberland  Counties. 
Maximum  thickness  of  the  Carbon- 
dale  Formation  in  this  part  of  the 
Fairfield  Basin  is  slightly  more  than 
300  feet.  The  presence  of  relatively 
smaller  positive  structures  within  the 
Fairfield  Basin,  i.e.,  the  Mattoon 
Anticline  and  other  small  folds  north 
of  it,  is  suggested  by  the  hacliured 
250-foot  contours.  Stratigraphic  thin¬ 
ning  over  these  structures  indicates 
that  movement  took  place  there  dur¬ 
ing  the  time  interval  between  deposi¬ 
tion  of  No.  2  Coal  and  No.  7  Coal. 

The  LaSalle  Anticlinal  Belt,  which 
occupies  a  roughly  triangular  area 
in  the  central  part  of  the  report 
area,  also  is  readily  recognizable. 
Here  stratigraphic  thickness  between 
No.  2  and  No.  7  Coals  is  less  than 
250  feet,  with  a  minimum  of  slightly 
less  than  150  feet.  The  positions  of 
the  Tuscola  Anticline,  the  Murdock 
Syncline,  and  the  composite  Oakland 
Anticline,  all  structural  elements  of 
the  LaSalle  Anticlinal  Belt,  also  are 
identifiable.  Lesser  positive  struc¬ 
tures  of  the  Oakland  Anticline  are 
indicated  by  200-foot  hacliured  con¬ 
tours.  As  suggested  previously,  dif¬ 
ferential  compaction  of  sediments 
around  sandstone  bodies  within  and 
below  the  Carbondale  Formation 
may  be  in  part  responsible  for  minor 
variation  in  thickness  of  the  Car¬ 
bondale  strata  in  at  least  some  of 
these  small  areas. 


Although  Carbondale  strata  thick¬ 
en  east  of  the  Oakland  Anticline, 
there  is  no  tendency  towards  general 
thinning  east  of  the  present  position 

of  the  axis  of  the  Marshall  Syncline 

«/ 

in  Clark  and  Edgar  Counties.  The 
implication  is  that  development  of 
the  east  flank  of  the  Marshall  Svn- 
cline  in  Illinois  had  not  begun  be¬ 
fore  deposition  of  the  Danville  (No. 
7)  Coal  was  completed. 

Absence  of  No.  7  Coal  from  four 
localities  in  the  area  (Fig.  3)  is  a 
result  of  post-Pennsylvanian  erosion. 
It  is  significant  that  the  Carbondale 
Formation  is  relatively  thinner  ap¬ 
proaching  those  barren  localities  on 
the  LaSalle  Anticlinal  Belt,  indicat¬ 
ing  that  during  deposition  of  Car¬ 
bondale  strata  the  elevation  of  No. 
2  Coal  over  these  localized  areas  in¬ 
creased  relative  to  that  in  the  sur¬ 
rounding  areas.  There  was  no  thin¬ 
ning  of  the  Carbondale  Formation 
approaching  the  barren  area  in 
northeast  Edgar  County,  however, 
because  development  of  the  east  flank 
of  the  Marshall  Syncline  had  not  be¬ 
gun  by  the  time  No.  7  Coal  was 
deposited. 

Depth  and  elevation  data  from 
sixteen  electric  logs  were  used  in 
preparing  a  progressively  developed 
stratigraphic  cross  section  and  a 
structural  cross  section  from  west 
to  east  across  the  central  part  of 
the  report  area  (Fig.  4).  The  line 
traversed  by  the  section  is  indicated 
in  Figure  2.  This  line  crosses  the 
LaSalle  Anticlinal  Belt  near  the 
south  ends  of  both  the  Tuscola  Anti¬ 
cline  and  the  Murdock  Syncline 
where  they  are  considerably  less  pro¬ 
nounced  than  they  are  farther  north. 
Structural  growth  can  best  be  fol¬ 
lowed  in  Figure  4  by  beginning  at 
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the  bottom  and  progressing  upward. 

Phase  A  shows  that  by  the  time 
Summum  (No.  4)  Coal  had  been 
deposited  Colchester  (No.  2)  Coal 
had  already  been  slightly  folded. 
Movement  is  reflected  in  the  upfold- 
ing  of  No.  2  Coal  over  the  Mattoon 
Anticline,  downfolding  across  the 
Fairfield  Basin,  and  upfolding  over 
the  general  area  of  the  LaSalle  Anti¬ 
clinal  Belt.  The  crest  of  the  Mat- 
toon  Anticline  at  this  time  was  east 
of  its  present  position  (shown  in 
the  structural  cross  section,  phase  F) 
and  the  deepest  part  of  the  Fairfield 
Basin  was  west  of  its  present  posi¬ 
tion.  There  was  very  little  difference 
in  elevation  across  the  entire  Anti¬ 
clinal  Belt  at  that  time,  whereas 
at  the  present  time  the  Oakland  An¬ 
ticline  is  considerably  higher  than 
that  part  of  the  anticlinal  belt  to 
the  west.  East  of  the  Oakland  Anti¬ 
cline  the  dip  was  gently  eastward 
and  there  was  no  indication  of  an 
east  flank  to  the  Marshall  Syncline. 
The  very  slight  variation  in  strati¬ 
graphic  thickness  just  east  of  the 
present  location  of  the  axis  of  the 
Marshall  Syncline  probably  is  a  func¬ 
tion  of  differential  compaction  of 
sediments.  Minor  thickness  variations 
of  this  sort  are  present  in  all  the 
succeeding  phases,  but  as  they  do 
not  occur  repeatedly  in  the  same 
place  and  do  not  persist  for  a  long 
period  of  time,  they  probably  result 
from  differential  settling  rather  than 
tectonic  movement. 

Phase  B  was  constructed  with  the 
top  of  Herrin  (No.  6)  Coal  as  the 
horizontal  datum  and  shows  the 
structural  movement  that  had  taken 
place  after  deposition  of  No.  4  Coal. 
That  there  seems  to  have  been  no 
additional  development  of  the  Mat- 


toon  Anticline  is  indicated  by  lack 
of  a  fold  at  that  point  in  No.  4  Coal. 
The  No.  2  Coal,  however,  still  re¬ 
tained  essentially  the  same  structure 
here  that  it  had  when  No.  4  Coal  was 
deposited. 

The  westward  dip  of  No.  4  Coal  on 
the  west  flank  of  the  LaSalle  Anti¬ 
clinal  Belt  indicates  continued  struc¬ 
tural  movement  there.  This  move¬ 
ment  is  also  reflected  in  No.  2  Coal 
which  by  this  time  dipped  somewhat 
more  steeply  than  it  did  when  No.  4 
Coal  was  deposited. 

Minor  downfolding  of  both  No.  4 
and  No.  2  Coals  on  the  west  side 
of  the  LaSalle  Anticlinal  Belt  may 
indicate  the  position  of  the  south 
end  of  the  Murdock  Syncline.  If  so, 
it  was  somewhat  east  of  its  pre¬ 
sumed  present  position.  However,  as 
previously  explained,  the  location  of 
the  south  end  of  the  Murdock  Svn- 
cline  is  not  well  known. 

Only  minor  additional  folding  had 
taken  place  along  the  west  side  of 
the  Marshall  Syncline  after  deposi¬ 
tion  of  No.  4  Coal,  as  evidenced  by 
the  very  slight  eastward  dip  of  that 
coal.  This  very  slight  dip  could  be 
attributed  to  differential  compaction 
rather  than  to  tectonic  movement. 
The  No.  2  Coal  still  retained  essenti¬ 
ally  the  same  structural  attitude  that 
it  had  when  No.  4  Coal  was  deposit¬ 
ed.  The  east  flank  of  the  Marshall 
Syncline  had  not  begun  to  develop 
when  No.  6  Coal  Avas  deposited. 

Phase  C  was  constructed  with  the 
top  of  Danville  (No.  7)  Coal  as  the 
horizontal  datum.  This  phase  in¬ 
cludes  the  same  stratigraphic  inter¬ 
val  as  that  mapped  in  Figure  3,  the 
Carbondale  Formation,  and  shows 
the  accumulated  structural  defor¬ 
mation  that  had  taken  place  from 


LaSalle  Anticlinal  Belt 


91 


the  time  of  formation  of  No.  2  Coal 
to  that  of  No.  7  Coal.  The  No.  6 
Coal  dipped  gently  from  the  west 
side  of  the  area  into  the  Fairfield 
Basin  and  indicated  that  no  fur¬ 
ther  folding  of  the  Mattoon  Anti¬ 
cline  had  taken  place  since  No.  6 
Coal  was  deposited.  The  position  of 
the  anticline  was  still  reflected  in 
No.  2  Coal,  however,  which  retained 
the  folding  it  had  undergone  prior 
to  deposition  of  No.  4  Coal. 

The  lowest  part  of  the  Fairfield 
Basin  in  Coles  County  was  still  west 
of  its  present  position  and  was  slight¬ 
ly  lower  structurally,  as  indicated  bv 
the  downfolding  of  No.  6  Coal  and 
by  the  additional  downfolding  of  the 
No.  2  Coal.  At  the  present  location 
of  the  lowest  part  of  the  Fairfield 
Basin,  No.  6  Coal  was  slightly  high¬ 
er  than  on  either  side  and  showed 
no  evidence  of  continued  folding 
along  the  west  flank  of  the  LaSalle 
Anticlinal  Belt.  The  reason  for  the 
local  structural  high  of  No.  6  Coal 
is  not  clear.  It  may  be  a  function 
of  differential  compaction  of  sedi¬ 
ments.  The  vertical  distance  between 
key  strata  is  considerably  greater 
west  of  the  LaSalle  Anticlinal  Belt, 
and  electric  logs  indicate  that  much 
of  the  sedimentary  material  consists 
of  coarse  elastics.  However,  there  do 
not  seem  to  be  any  locally  developed 
sandstone  bodies  sufficiently  large  to 
account  for  the  amount  of  difference 
in  elevation  shown  by  No.  6  Coal. 
The  No.  2  Coal  still  showed  the 
slight  downfold  that  may  reflect  the 
south  end  of  the  Murdock  Syncline, 
but  No.  6  Coal  indicated  no  evi¬ 
dence  of  further  development  of  this 
structure.  To  the  east,  No.  6  Coal  was 
essentially  level,  indicating  lack  of 
further  development  of  the  west 


flank  of  the  Marshall  Syncline.  How¬ 
ever,  the  earlier  development  of  this 
west  flank  was  still  reflected  by  No. 
2  Coal,  but  neither  No.  6  nor  No. 
2  Coal  showed  any  evidence  of  the 
beginning  of  an  east  synclinal  flank 
in  Ill  inois. 

Pli  ase  I)  was  constructed  with  the 
base  of  the  Shoal  Creek  Limestone 
as  the  horizontal  datum.  It  includes 
the  stratigraphic  thickness  of  two 
formations — the  Carbondale  Forma¬ 
tion  (phase  C)  and  the  overlying 
Modesto  Formation,  which  includes 
strata  between  the  top  of  Danville 
(No.  7)  Coal  and  the  base  of  the 
Shoal  Creek  Limestone. 

The  No.  7  Coal,  since  its  original 
deposition,  had  assumed  a  somewhat 
anomalous  structural  attitude  west 
of  the  LaSalle  Anticlinal  Belt.  As 
was  suggested  concerning  the  struc¬ 
ture  of  the  No.  6  Coal  in  phase  C, 
the  structure  of  No.  7  Coal  may  be 
a  function  of  differential  compac¬ 
tion.  It  reflected  slight  continued  de¬ 
velopment  of  the  Mattoon  Anticline 
but  stood  structurally  higher  east  of 
there.  It  was  downwarped  at  the 
present  position  of  the  lowest  part 
of  the  Fairfield  Basin  in  the  area 
and  showed  evidence  of  further  fold¬ 
ing  of  the  west  flank  of  the  LaSalle 
Anticlinal  Belt.  It  showed  a  slight 
rise  at  about  the  present  position 
of  the  west  flank  of  the  Oakland 
Anticline,  which  is  at  the  same  po¬ 
sition  as  the  east  flank  of  the  small 
downfold  reflected  in  No.  2  Coal 
and  thought  to  be  the  south  end 
of  the  Murdock  Syncline.  From  there 
No.  7  Coal  dipped  gently  eastward 
with  a  very  slight  upfolding,  also 
reflected  in  the  underlying  No.  2 

t/  Cj 

Coal,  just  east  of  the  present  axis 
of  the  Marshall  Syncline.  There  still 
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was  no  indication  of  the  beginning 
of  an  east  flank  of  the  Marshall  Syn¬ 
cline  when  the  Shoal  Creek  Lime¬ 
stone  was  deposited. 

Phase  E  (fig.  4)  was  constructed 
using  the  Millersville  -  Livingston 
Limestone  as  the  horizontal  datum. 
Three  formations,  Carbondale,  Mo¬ 
desto  and  Bond,  are  included,  the 
latter  consisting  of  strata  between 
the  base  of  the  Shoal  Creek  Lime¬ 
stone  and  the  top  of  the  Millersville- 
Livingston  Limestone.  The  upper 
limestone  is  known  as  Millersville 
Limestone  in  the  Fairfield  Basin  and 
as  Livingston  Limestone  east  of  the 
LaSalle  Anticlinal  Belt  and  in  In¬ 
diana  (Ivosanke  et  al.,  1960). 

The  Shoal  Creek  Limestone  had, 
by  this  time,  been  folded  over  the 
Mattoon  Anticline  and  from  there 
rose  gradually  eastward,  indicating 
a  westward  shift  of  the  lowest  part 
of  the  Fairfield  Basin  and  continued 
but  slight  folding  of  the  west  part 
of  the  LaSalle  Anticlinal  Belt.  It 
remained  essentially  level  from  there 
to  the  present  position  of  the  axis 
of  the  Marshall  Syncline  and  showed 
slight  upfolding  of  the  east  limb  of 
this  structure.  Thus,  the  first  indi¬ 
cation  of  development  of  the  east 
flank  of  the  Marshall  Syncline  in 
Illinois  did  not  occur  until  about 
the  time  the  Livingston  Limestone 
was  deposited.  There  was  no  reflec¬ 
tion  of  the  south  part  of  the  Mur¬ 
dock  Syncline  in  the  structure  of  the 
Shoal  Creek  Limestone,  nor  had  there 
been  any  further  noticeable  develop¬ 
ment  of  tiie  Oakland  Anticline. 

Colchester  No.  2  Coal  reflected  the 
continued  folding  of  the  Mattoon 
Anticline  and  the  westward  shift  of 
the  lowest  part  of  the  Fairfield  Basin. 
It  also  showed  the  continued  devel¬ 


opment  of  the  west  flank  of  the  La¬ 
Salle  Anticlinal  Belt.  The  suspected 
position  of  the  south  end  of  the  Mur¬ 
dock  Syncline  also  was  still  evident 
in  the  structure  of  No.  2  Coal,  as 
was  the  incipient  east  limb  of  the 
Marshall  Syncline. 

Phase  F ,  showing  the  structure  as 
it  is  at  the  present  time,  also  shows 
that  the  folding  that  took  place  fol¬ 
lowing  deposition  of  the  Millersville- 
Livingston  Limestone  was  greater 
than  the  total  folding  that  had  taken 
place  between  the  time  of  deposition 
of  No.  2  Coal  and  that  of  the  Mil¬ 
lersville  -  Livingston  Limestone.  The 
amount  of  folding  that  occurred  be¬ 
tween  deposition  of  No.  2  Coal  and 
the  Millersville-Livingston  Limestone 
is  noticeably  less  than  that  following 
deposition  of  the  limestone.  At  the 
time  of  formation  of  the  limestone, 
No.  2  Coal  was  only  200  feet  higher 
on  top  of  the  LaSalle  Anticlinal 
Belt  where  that  structure  is  traversed 
by  the  cross  section  than  it  was  in 
the  Fairfield  Basin.  At  the  present 
time  the  elevation  difference,  meas¬ 
ured  at  the  same  places,  is  1000  feet, 
indicating  that  after  deposition  of 
the  Millersville  Limestone  the  eleva¬ 
tion  of  No.  2  Coal  on  the  LaSalle 
Anticlinal  Belt  had  increased  800 
feet  relative  to  its  elevation  in  the 
Fairfield  Basin. 

The  Oakland  Anticline  had  its 
maximum  development  during  the 
late  stages  of  folding  and  now  stands 
considerably  higher  than  the  rest  of 
the  LaSa  lie  Anticlinal  Belt  in  this 
part  of  the  report  area.  The  two 
high  points  of  the  anticline  (fig. 
4)  are  near  the  tops  of  the  Ashmore 
and  Dudley  Domes.  The  top  of  the 
anticline  is  somewhat  lower  between 
these  two  subsidiary  structures. 
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The  Tuscola  Anticline,  which  is 
too  far  north  to  be  reflected  in  the 
cross  section,  currently  is  the  struc¬ 
turally  highest  feature  of  the  La¬ 
Salle  Anticlinal  Belt  in  the  report 
area.  Its  structure,  based  upon  con¬ 
tour  maps  of  three  coals  (Clegg, 
1959),  indicates  that  it,  too,  under¬ 
went  considerable  deformation  dur¬ 
ing  the  late  stages  of  tectonic  de¬ 
velopment,  i.e.,  after  deposition  of 
the  Millersville  Limestone. 

The  Murdock  Syncline  is  not  de- 
pictecl  in  the  structural  cross  sec¬ 
tion.  Whether  the  slight  downfold¬ 
ing  shown  in  the  stratigraphic  sec¬ 
tion  is  actually  a  reflection  of  earlier 
stages  in  the  development  of  the 
Murdock  Syncline  is  conjectural.  It 
is  possible  that  the  syncline  had  its 
inception  prior  to  deposition  of  the 
Millersville  Limestone  and  that  sub¬ 
sequent  folding  deepened  the  struc¬ 
ture  farther  to  the  north  while  at 
the  same  time  the  south  end  was 
tilted  towards  the  west.  The  posi¬ 
tion  of  the  Oakland  Anticline  ad¬ 
jacent  to  the  south  end  of  the  Mur¬ 
dock  Syncline  is  such  that  tilting  and 
concurrent  westward  shifting  of  the 
syncline’s  axis  could  have  occurred 
as  the  south  part  of  the  Oakland 
Anticline  attained  its  present  rela¬ 
tive  structural  elevation. 

The  above  suggestion  is  offered 
in  support  of  the  previous  sugges¬ 
tion  that  towards  its  southern  end 
the  Murdock  Syncline  may  swing 
westward  around  the  south  end  of 
the  Tuscola  Anticline.  Until  more  in¬ 
formation  is  available,  however,  the 
position  of  the  southern  part  of  the 
Murdock  Syncline  remains  unknown. 

t/ 

It  is  possible  that  it  never  extended 
farther  south  than  the  vicinity  of 
Charleston  or  that  it  originally  ex¬ 
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tended  farther  southward  but  that 
the  southern  extremity  was  obliter¬ 
ated  during  the  last  stages  of  tec¬ 
tonic  activity. 

That  the  present  structure  of  the 
Marshall  Syncline  in  Illinois  devel- 
oped  almost  entirely  after  deposition 
of  the  Livingston  Limestone  is  in¬ 
dicated  in  the  structural  cross  sec¬ 
tion.  Incipient  development  of  the 
east  limb  as  noted  in  phase  E,  had 
begun  when  the  Livingstone  Lime¬ 
stone  was  deposited,  but  full  devel¬ 
opment  came  later.  The  exact  time 
of  the  last  stages  of  tectonic  aetivitv 
is  not  known.  In  other  parts  of  Illi¬ 
nois,  Pennsylvanian  strata  younger 
than  the  Millersville  -  Livingston 
Limestone  are  structurally  deformed, 
suggesting  that  most  of  the  move¬ 
ment  came  about  near  the  end  of 
or,  more  likely,  following  the  close 
of  the  Pennsylvanian  Period. 

Summary  and  Conclusions 

The  structural  development  de¬ 
scribed  includes  only  a  small  part 
of  the  total  tectonic  history  of  the 
LaSalle  Anticlinal  Belt  and  adjacent 
structures.  Formation  of  the  LaSalle 
Anticlinal  Belt  originally  began  at 
least  as  early  as  Ordovician  time. 
It  appears  to  have  developed  slowly 
until  the  end  of  Mississippian  time. 
Siever  (1951)  showed  that  in  coun¬ 
ties  south  of  the  study  area  a  period 
of  strong  folding  occurred  following 
Mississippian  sedimentation.  This 
was  followed  by  a  long  period  of 
subaerial  erosion  and  peneplanation 
of  the  area.  He  indicated  that  a 
second  uplift  occurred  after  pen¬ 
eplanation  followed  by  a  cycle  of 
erosion  that  resulted  in  the  incision 
of  deep  channels  in  the  peneplain 
surface.  It  was  upon  this  incised 
surface  that  detritus  from  the  Ap- 
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palaeliian  geosyncline  and  some  lo¬ 
cally  derived  sediment  were  depos¬ 
ited.  These  sediments  filled  the  chan¬ 
nels,  buried  the  hills,  and  ushered 
in  Caseyville  deposition.  Available 
records  show  that  the  area  of  this 
report  underwent  the  same  structur¬ 
al  and  erosional  history  as  did  the 
counties  to  the  south. 

By  the  time  of  deposition  of  the 
first  strata  of  the  Carbondale  For¬ 
mation,  the  erosional  irregularities 
had  been  deeply  buried  and  No.  2 
Coal  was  laid  down  over  an  essenti¬ 
ally  level  surface  and  hence  reflected 
none  of  the  earlier  folding. 

The  top  of  the  Kimmswick  “  Tren¬ 
ton’  ’  Limestone  is  4000  feet  below 
sea  level  in  the  Fairfield  Basin  and 
about  1,500  feet  below  sea  level  on 
the  Ashmore  Dome  of  the  Oakland 
Anticline,  a  difference  of  2500  feet. 
As  No.  2  Coal  at  the  same  localities 
has  been  shown  to  have  a  difference 


of  only  1000  feet  in  elevation,  it  is 
evident  that  the  structural  move¬ 
ment  that  followed  deposition  of  No. 
2  Coal  constitutes  less  than  half  of 
the  total  movement  that  has  taken 
place. 
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Abstract. — The  lower  plants  and  ani¬ 
mals  (the  broad  group  algae  in  the 
plants  and  the  Protozoa  among  the  ani¬ 
mals)  are  the  more  heterogeneous  as  far 
as  inorganic  protective  or  supporting 
materials  are  concerned.  The  only  ex¬ 
ception  to  this  is  the  restriction  of  cal¬ 
cium  phosphate  to  some  eumetazoans. 
The  three  main  types  of  inorganic  hard 
parts  found  in  animals — calcium  car¬ 
bonate,  the  calcium  phosphates,  and  opal¬ 
ine  silica — are  all  first  found  in  the  skel¬ 
etons  of  Early  Cambrian  marine  inverte¬ 
brates,  and  even  the  organic  substance 
chitin  is  present  in  the  skeletons  of  some 
of  these  animals  at  that  time.  How¬ 
ever,  this  pattern  of  early  rapid  differ¬ 
entiation  does  not  occur  in  the  plant 
kingdom.  Calcium  carbonate  deposition 
occurred  in  some  algae  well  back  into 
the  Precambrian.  The  ability  of  plants 
to  deposit  opal  in  their  tissues  may  not 
have  occurred  before  Jurassic  time  with 
the  advent  of  the  first  few  diatoms. 

A  considerable  body  of  scattered 
literature  has  been  written  about  the 
inorganic  compounds  which  are  pres¬ 
ent  in  the  hard  parts  of  plants  and 
animals.  Most  of  it  is  factual  with 
generally  little  attempt  to  interpret 
the  data  biologically.  (That  is  our 
main  purpose  herein.)  Some  of  the 
facts  have  been  repeated  in  several 
places  with  little  or  no  documenta¬ 
tion,  and  some  of  the  basic  data  need 
to  be  reinvestigated  for  accuracy. 

No  attempt  will  be  made  to  in¬ 
clude  foreign  particles  which  some 
animals  pick  off  the  ocean  bottom 
and  cement  to  their  shells,  nor,  as 
the  title  implies,  will  organic  skele¬ 
tal  substances  be  included.  Minor 


amounts  of  compounds,  that  is,  those 
making  up  20  per  cent  or  less  of 
the  composition  of  the  hard  parts, 
will  be  ignored.  With  these  restric¬ 
tions  adhered  to,  it  is  amazing  to 
see  how  little  variation  there  is  in 
both  animal  and  plant  kingdoms  as 
to  the  kinds  of  inorganic  compounds 
secreted  for  exo-  and  endo-skeletal 
material  as  well  as  protective  and 
supporting  structures.  This  is  true 
of  both  fossil  and  living  groups  of 
organisms.  At  the  present  state  of 
our  knowledge,  this  short  review  will, 
of  necessity,  pose  more  questions  than 
can  be  answered.  It  is  hoped  that 
many  of  these  questions  can  be  an¬ 
swered  by  more  observations  and 
research  on  this  most  interesting 
subject. 

For  the  invertebrate  animals,  most 
of  the  basic  data  can  be  found  in 
general  systematic  paleontology  text¬ 
books  as,  for  example,  Moore,  Lalick- 
er,  and  Fischer,  1952 ;  and  Slirock 
and  Twenhofel,  1953. 

In  The  Animals 

Among  the  animals,  the  most  sin¬ 
gular  feature  is  the  preponderance 
of  calcium  in  their  skeletons,  pri¬ 
marily  as  calcium  carbonate  but  also 
importantly  as  calcium  phosphate. 

No  distinction  will  he  made  be¬ 
tween  calcite  and  aragonite  in  this 
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brief  survey,  although  calcite  is  gen¬ 
erally  more  common  and  some  ani¬ 
mals,  e.g.  many  gastropods  and  pel- 
ecypods,  have  both  calcite  and  ara¬ 
gonite  in  their  shells.  Calcite  and 
aragonite  can  be  deposited  by  ma¬ 
rine  animals  and  plants  in  temper¬ 
atures  ranging  from  about  — 2°C 
to  40° C.  Calcium  is  fairly  abundant 
in  sea  water,  often  more  so  in  fresh¬ 
water  and  soils.  Calcite  and  aragon¬ 
ite  are  not  readily  soluble  in  water 
of  neutral  pH.  xYll  of  these  factors 
help  to  explain  why  calcite  and  ara¬ 
gonite  are  so  common  in  animals 
and  the  lower  plants.  Members  of 
the  following  groups  of  animals,  all 
or  in  part,  have  calcium  carbonate 
in  their  exo-  or  endo-skeletons :  Pro¬ 
tozoa,  Porifera,  Coelenterata,  Pleo- 
spongia,  Receptaculitida,  Stromato- 
poroidea,  Labechioidea,  Spliaeracti- 
noidea,  Nidulitida,  Bryozoa,  Brachi- 
opoda,  Annelida,  Mollusca,  Ecliin- 
odermata,  and  Arthropoda.  Some  of 
these  named  groups  are  extinct,  and 
many  of  these  groups  have  large 
numbers  of  both  extinct  and  extant 
species. 

The  second  most  widespread  inor¬ 
ganic  material  in  the  skeletons  of 
animals  is  some  of  the  minerals  of 
the  apatite  group.  This  is  primarily 
calcium  phosphate,  but  fluorapatite, 
hydroxylapatite,  or  carbonate-apa¬ 
tite  occurs  in  some  animal  skeletons. 
Among  the  animals  having  this  skel¬ 
etal  composition  are  the  extinct  con- 
ulariids  and  conodonts,  some  of  the 
brachiopods  and  arthropods,  and  of 
course  the  vertebrates.  One  sees, 
however,  that  calcium  phosphate  is 
much  less  common  than  calcium  car¬ 
bonate  as  a  skeletal  material  among 
animals,  and  for  some  reason  it  is 
confined  to  higher  animals — the  Eu- 


metazoa.  Does  this  indicate  a  phylo¬ 
genetic  homogeneity  for  the  Eumeta- 
zoa  ?  It  is  interesting  to  note,  also, 
that  calcium  phosphate  as  a  primary 
skeletal  material  appears  to  be  com¬ 
pletely  absent  in  the  plant  kingdom. 

The  next  most  commonly  occur¬ 
ring  mineral  found  in  animal  skele¬ 
tons  is  opal  (Si02.nH20).  It  is  found 
in  some  Protozoa  (nearly  all  radi- 
olarians)  and  is  common  in  the  Pori¬ 
fera.  It  has  been  reported  in  annelid 
worm  jaws  (scolecodonts) .  Spicules 
of  silica  are  said  by  Nicol  (1960,  p. 
650)  to  occur  in  the  tissues  of  a  few 
mollusks,  and  Prosser  and  Brown 
(1961,  p.  72)  report  silica  in  some 
brvozoan  skeletons. 

These  latter  three  occurrences  are 
the  only  mention  of  silica  in  higher 
animals,  and  it  does  not  comprise 
the  main  portion  of  the  skeleton. 
This  leads  us  to  a  most  puzzling 
question — why  do  the  higher  ani¬ 
mals,  those  above  the  sponges,  not 
use  silica  as  a  main  skeletal  material ? 
Again,  does  this  indicate  a  phylo¬ 
genetic  homogeneity  for  the  Eumeta- 
zoa  ? 

Among  the  Protozoa  there  are  a 
few  exceptional  cases  in  which  sul¬ 
phates  are  deposited.  One  small 
group  of  living  radiolarians  uses 
strontium  sulphate,  celestite,  as  a 
skeletal  material.  This  occurrence  is 
well  documented  and  has  been  known 
for  some  time.  One  deep-sea  group 
of  rhizopods  is  reported  by  Prosser 
and  Brown  (1961,  p.  72)  to  have 
a  skeleton  in  which  the  inorganic 
part  is  made  up  of  barium  sulphate 
(barite).  This  latter  occurrence  is 
not  well  documented,  and  it  exhausts 
the  relatively  small  list  of  inorganic 
skeletal  compounds  found  among  an¬ 
imals. 
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In  the  Plants 

The  two  inorganic  materials  most 
commonly  deposited  by  plants  are 
calcium  carbonate  and  opaline  silica. 
In  the  case  of  calcium  carbonate,  the 
mineral  in  a  given  species  is  either 
calcite  or  aragonite.  This  is  unlike 
some  animals  in  which  both  may  be 
present.  Information  concerning  the 
distribution  of  calcite  and  aragonite 
in  numerous  plants  may  be  found 
in  the  papers  by  Lewin  (1962),  Low- 
enstam  (1954),  and  Vinogradov 
(1953). 

Silica  is  usually  present  as  hy¬ 
drated  or  opaline  silica ;  however, 
quartz  is  produced  in  some  diatoms 
and  in  the  flowering  plant  Ficus,  ac¬ 
cording  to  Roelofsen,  1959. 

In  addition  to  the  inorganic  ma¬ 
terials  previously  mentioned  as  oc- 
curing  in  plants,  a  few  instances  of 
Fe(OH)3  and  Mn(OH)3  deposition 
are  known  which  appear  to  be  a 
facultative  feature  of  the  physiology 
of  the  plants  involved. 

Inorganic  cell  inclusions  are  gen¬ 
erally  omitted  from  the  present  sum¬ 
mary  with  the  exception  of  a  few 
examples  such  as  the  occurrence  of 
opal  in  elements  of  wood  and  the 
occurrence  of  calcium  carbonate  in 
epidermal  cells. 

Among  the  various  groups  of  al¬ 
gae,  calcium  carbonate  deposition  is 
much  more  widespread  than  is  the 
deposition  of  silica.  In  the  case  of 
the  vascular  plants  the  two  com¬ 
pounds  are  apparently  about  equal 
in  occurrence. 

Calcium  carbonate  is  deposited  in 
large  amounts  in  the  algae,  including 
members  of  the  Chlorophyta,  Cyan- 
opliyta,  Rhodophyta,  Phaeophyta, 
and  Charophyta.  Among  the  fungi 
the  best  documented  and  studied 


case  of  calcium  carbonate  deposition 
occurs  in  the  Myxomycophyta  (slime 
molds  and  related  forms),  where  the 
two  orders  Physarales  and  Stemon- 
itales  are  partially  distinguished 
from  other  orders  by  the  presence 
and  distribution  of  calcium  carbon¬ 
ate  in  the  fruiting  structure  (Alex- 
opoulos,  1952). 

It  is  of  some  interest  to  note  that 
in  the  green  algae  the  deposition  of 
calcium  carbonate  is  confined  to 
those  forms  which  are  on  the  siphon- 
ine  path  of  evolution :  the  orders 
Siphonales  and  Siphonocladiales. 
The  charophytes  are  known  to  de¬ 
posit  calcium  carbonate  in  both  the 
vegetative  and  reproductive  portions 
of  the  plant  body.  Large  amounts 
of  calcium  carbonate  in  the  oogonial 
structure  probably  account  for  the 
relative  abundance  of  oogonial  re¬ 
mains  in  the  fossil  record. 

Among  the  blue-green  algae  (Cy- 
anophyta)  calcification  occurs  most 
commonly  in  those  forms  which  are 
found  in  geyser  pools  and  other  bod¬ 
ies  of  relatively  warm  water.  There 
appears  to  be  no  systematic  pattern 
of  calcium  deposition  among  the  tax¬ 
onomic  groups  of  the  Cyanophyta ; 
however,  the  following  genera  are 
important  depositors  of  calcium  car¬ 
bonate  :  Anabaena,  Aphanothece, 
Chamaesiphon,  Lithomyxa,  Lyngbya, 
Microcoleus,  Paracapsa,  Petaloma, 
Phormidium,  Rivularia,  and  Schizo- 
th  rix. 

The  so-called  coralline  red  algae 
(Rhodophyta)  are  conspicuous  in 
the  formation  of  reefs  and  are  for 
the  most  part  members  of  the  Cryp- 
tonemiales.  These  forms  have  a  prom¬ 
inent  fossil  record.  In  the  Nemalion- 
ales  the  genus  Liagora  also  produces 
calcium  carbonate,  which  in  this  case 
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is  laid  down  about  a  much  simpler 
thallus  than  is  the  case  in  the  cryp- 
tonemialean  forms. 

Only  one  genus  of  brown  algae 
(Phaeophyta)  is  known  to  produce 
calcium  carbonate  in  any  large 
amount.  This  is  the  genus  Padina , 
which  is  otherwise  a  typical  member 
of  the  order  Dictyotales  (Fritseh, 
1945).  There  appears  to  be  no  sys¬ 
tematic  significance  to  this  isolated 
instance  of  calcium  carbonate  depo¬ 
sition  by  Padina. 

Deposition  of  calcium  carbonate  is 
known  to  occur  in  the  flowering 
plants  in  the  families  Curcurbitaceae, 
Cruciferae,  Boraginaceae,  Loasaceae, 
Acantliaceae,  Urticaceae,  Combretae- 
eae,  Moraceae,  Gesneriaceae,  Gerani- 
aceae,  and  Cistaceae  (Frey-Wyssling, 
1959  ;  Roelofsen,  1959  ;  Uphof,  1962) . 
This  calcification  occurs  in  epidermal 
cell  walls,  in  epidermal  trichomes, 
and  in  special  cells  of  the  epidermis 
(so-called  lithocysts). 

The  silicification  of  cell  walls  is 
best  known  in  diatoms,  where  it  has 
been  studied  in  most  detail.  Lewin 
(1962)  has  recently  reviewed  the 
current  state  of  understanding  of 
the  structure  of  diatom  walls  and 
the  physiological  processes  involved 
in  silicification.  In  addition  to  dia¬ 
toms,  other  members  of  the  Chryso- 
phvta  are  known  to  produce  siliceous 
deposits  in  cell  walls.  Typically, 
resting  spores  of  golden  algae  (class 
Chrysophyceae) ,  which  are  some¬ 
times  referred  to  as  statospores, 
have  a  highly  silicified  wall.  The 
literature  contains  reports  of  the 
occurrence  of  silica  in  the  cell  walls 
of  vegetative  parts  of  some  yellow- 
green  algae  (class  Xanthophyceae)  ; 
however,  these  plants  have  not  been 
studied  in  this  respect  in  recent 


years  (Smith,  1955).  Phvcologists 
such  as  Smith  have  placed  great 
significance  upon  the  silica-metabo¬ 
lizing  ability  of  the  forms  in  the 
division  Chrysophyta,  and  this  fea¬ 
ture  seems  to  be  an  important  one 
which  unites  the  members  of  the 
three  classes  included  in  the  divi¬ 
sion.  Indeed,  on  the  basis  of  their 
ability  to  metabolize  silica,  it  has 
been  suggested  that  the  members  of 
this  division  be  grouped  with  the 
Choanoflagellata,  Porifera,  and  Sar- 
codina  into  a  distinct  kingdom,  the 
Silicobiota. 

In  vascular  plants,  silicification 
occurs  in  widely  divergent  groups : 
the  Equisetales,  which  is  the  sole 
extant  order  of  the  subphvlum 
Sphenopsida,  and  the  class  Angio- 
spermae  of  the  subphylum  Pterop- 
sida.  In  the  equisetalean  genus 
Equisetum,  silica  is  deposited  in  the 
epidermal  cells  and  forms  a  thick 
layer  on  the  outer  cell  wall.  Among 
the  angiosperms,  silica  is  deposited 
both  in  cell  walls  of  the  epidermis 
and  within  special  cells  of  the  epi¬ 
dermis  in  numerous  members  of  the 
family  Gramineae  (grasses).  In  the 
latter  instance,  highly  opaline  silica 
fills  the  cell  lumen  (Esau,  1953). 
Among  the  flowering  plants,  silica 
is  also  found  in  numerous  species 
of  various  taxonomic  groups  pri¬ 
marily  in  cells  of  the  secondarv 
xylem.  Over  four  hundred  timbers 
are  listed  by  Amos  (1952)  as  having 
siliceous  cell  inclusions,  primarily 
within  cells  of  the  vascular  rays. 
This  appears  to  be  almost  pure  Si02 
and  forms  a  vitreous  layer  in  vessels 
and  some  other  elements  of  wood  in 
addition  to  the  vascular  rays.  Silica 
is  also  reported  as  occurring  in  the 
later-formed  walls  of  endodermal 
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cells  of  Andropogon  (Borissow, 
cited  in  Frey-Wyssling,  1959)  and 
in  hairs  of  members  of  the  families 
Campanulaceae,  Moraceae,  Ulma- 
ceae,  Urtieaceae,  Primulaceae,  Loa- 
saceae,  Crassulaceae,  Compositae, 
Leguminosae,  Halorag’idaceae,  and 
Verbenaceae.  Although  silicification 

seems  to  be  characteristic  of  many 

•/ 

members  of  some  angiosperm  fami¬ 
lies  such  as  the  Moraceae  and  Urtica- 
ceae,  its  generally  scattered  occur¬ 
rence  suggests  that  it  does  not  have 
any  special  significance  in  determin¬ 
ing  phylogenetic  relationships 
among  the  angiosperms.  Both  Ne- 
tolitzky  (1929)  and  Frey-Wyssling 
(1959)  have  suggested  that  silicifi¬ 
cation  of  plant  parts  is  correlated 
with  a  warm  climate  in  which  silica 
would  be  expected  to  be  more  readily 
available  for  uptake  by  the  plants. 
It  is  not  known  whether  the  deposi¬ 
tion  of  silicates  on  the  plant  surface 
of  submerged  forms  or  that  of  iron 
and  manganese  in  the  cases  cited 
here  is  simply  accretion  of  the  min¬ 
eral  or  is  due  to  an  active  uptake  of 
the  materials  and  subsequent  deposi¬ 
tion  by  the  plant  cells. 

In  a  few  cases  plants  are  known 
to  deposit  iron  and  manganese  in 
an  inorganic  form.  Euglenoids  and 
desmids  are  the  most  outstanding 
examples  of  this  occurrence  of  iron 
and  manganese,  which  appears  to 
be  present  as  Fe(OH);i  and  Mil 
(OH)  3  respectively  (Roelofsen, 
1959).  In  some  green  algae  such 
as  Oedogonium  and  Cladopkora,  the 
deposit  of  iron-containing  inorganic 
matter  forms  a  crystalline  incrusta¬ 
tion  about  the  plant  body.  Litera¬ 
ture  cited  by  Frey-Wyssling  sug¬ 
gests  that  the  deposition  of  both 
iron  and  manganese  hydroxides  is 


facultative  and  occurs  when  large 
amounts  of  those  two  elements  are 
present  in  the  plant's  environment. 

Remarks 

It  is  apparent  that  the  lower 
plants  and  animals  (the  broad 
group  algae  in  the  plants  and  the 
Protozoa  among  the  animals)  are 
the  more  heterogeneous  as  far  as 
inorganic  skeletal  materials  are  con¬ 
cerned.  The  only  exception  to  this 
is  the  restriction  of  calcium  phos¬ 
phate  to  some  eumetazoans.  This 
seems  to  support  the  opinion  that 
the  lower  animals  and  plants  may 
have  had  a  polyp hyletic  origin. 

The  three  main  types  of  inorganic 
hard  parts  found  in  animals  —  cal¬ 
cium  carbonate,  the  calcium  phos¬ 
phates,  and  opal  —  all  are  found 
in  the  skeletons  of  Early  Cambrian 
marine  invertebrates.  This  has  also 
been  pointed  out  in  a  recent  paper 
by  Lowenstam  (1964,  p.  172).  It 
should  be  added  that  even  the  organ¬ 
ic  substance  chitin  also  occurred  in 
some  Early  Cambrian  invertebrate 
skeletons.  Does  this  indicate  little 
change  in  the  chemical  composition 
of  sea  water  since  Early  Cambrian 
time?  Here  again  is  another  ex¬ 
ample  of  early  primary  diversity  or 
differentiation  in  the  various  major 
animal  groups.  Only  minor  or  rela¬ 
tively  little  differentiation  has  ap¬ 
peared  in  major  animal  groups,  as 
concerns  the  inorganic  hard  parts, 
since  Early  Cambrian  time.  How¬ 
ever,  this  pattern  of  differentiation 
does  not  occur  in  the  plant  king¬ 
dom.  Calcium  carbonate  deposition 
apparently  arose  early  in  the  evolu¬ 
tion  of  the  plant  kingdom,  and  algal 
limestones  are  known  which  extend 


100 


Transactions  Illinois  Academy  of  Science 


well  back  into  the  Precambrian,  pos¬ 
sibly  as  long  as  2.5  billion  years 
ago.  On  the  other  hand,  the  ability 
of  plants  to  deposit  opal  in  their 
tissues  appears  to  have  been  ac¬ 
quired  quite  late  in  geologic  time. 
There  is  as  yet  no  known  fossil  rec¬ 
ord  of  siliceous  plants  before  the 
first  few  diatoms  of  the  Jurassic, 
which  was  certainly  less  than  175 
million  years  ago. 

Thus  we  see  that  the  number  of 
inorganic  compounds  and  minerals 
utilized  by  both  animals  and  plants 
are  amazingly  few.  The  minerals 
commonly  involved  are  calcite,  ara¬ 
gonite,  the  apatite  group,  and  opal. 
For  all  organisms,  calcium  carbonate 
is  certainly  the  most  common  skel- 
etal  compound.  Because  of  the  plants, 
opaline  silica  must  be  ranked  second 
most  widespread,  followed  by  the 
various  calcium  phosphates.  Silica, 
iron  hydroxide,  and  manganese  hy¬ 
droxide  among  the  plants,  and  stron¬ 
tium  sulphate  and  barium  sulphate 
among  the  animals,  are  all  generally 
rare  and  exceptional.  Does  this  in¬ 
dicate  a  close  phylogenetic  relation¬ 
ship  for  all  organisms?  Because  of 
the  rarity  of  the  elements  involved, 
varying  degrees  of  solubility  in  wa¬ 
ter,  temperature  of  formation  of  the 
mineral  (usually  above  that  of  or¬ 
dinary  temperatures  found  in  the 
sea  or  on  land),  or  some  other  ad¬ 
verse  factors,  the  minerals  present 
in  animal  or  plant  protective  or  sup¬ 
porting  structures  are  perhaps  about 
the  only  ones  which  the  animals  or 
plants  could  possibly  find  available. 
In  other  words,  the  minerals  found 
in  plant  and  animal  skeletons  prob¬ 
ably  represent  the  least  soluble  com¬ 
pounds  which  the  animal  or  plant 


can  synthesize  from  the  elements 
which  are  available  in  sufficient  con¬ 
centrations.  However,  if  we  think  of 
all  of  the  minerals  in  sedimentary 
rocks,  those  formed  at  ordinary  tem¬ 
peratures  and  pressures,  some  being 
quite  common,  we  wonder  why  ani¬ 
mals  and  plants  ha\re  not  used  many 
of  them  as  skeletal  or  supportive  ma¬ 
terials. 
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Abstract. — During  1954  and  1955  a 
study  of  the  effects  of  burning  and  fal¬ 
lowing  on  idle  land  was  conducted  on 
property  of  the  United  Electric  Coal 
Companies,  Inc.  near  DuQuoin,  Illinois. 
The  plant  families  Rubiaceae,  Gram- 
ineae,  Juncaceae,  and  Polygonaceae  de¬ 
creased  in  number  as  a  result  of  burn¬ 
ing;  increases  were  recorded  for  the 
Compositae,  Euphorbiaceae,  and  Legum- 
inosae.  Plants  showing  major  increases 
were  lanceleaf  ragweed,  Ambrosia  biden- 
tata,  three-seeded  mercury,  Acalypha  vir- 
ginica,  wild  beans,  Stropho  styles  spp., 
annual  lespedezas,  Lespedeza  spp.,  and 
panic  grasses,  Panicum  spp.;  decreases 
were  recorded  for  buttonweed,  Diodia 
teres,  rush,  J  uncus  spp.,  sheep  sorrel, 
Rumex  acetosella,  perennial  rye  grass, 
Lolium  perenne,  goldenrods,  Solidago 
spp.,  and  broomsedge,  Andropogon  Vir¬ 
ginians.  Bare  ground  was  increased  about 
8  times  and  soil  pH  was  changed  from 
6.9  to  7.4.  Fallowing  resulted  in  an  in¬ 
crease  in  Gramineae,  Rubiaceae,  Rosa- 
ceae,  Solanaceae,  and  Aizoaceae;  de¬ 
creases  were  noted  for  the  Compositae, 
Euphorbiaceae,  Juncaceae,  and  Legurn- 
inoseae.  Bare  ground  was  increased  14 
times;  the  soil  pH  was  unchanged.  Burn¬ 
ing  and  fallowing  resulted  in  diversified 
habitats  suitable  for  optimum  quail  utili¬ 
zation. 

From  accumulated  knowledge  of 
wildlife  management  there  has 
evolved  a  relatively  basic  theory  re- 
garding  availability  of  game.  Stock¬ 
ing  game  on  land  that  could  normal¬ 
ly  support  only  what  was  already 
present  was  not  the  answer.  Improv¬ 
ing  the  habitat,  and  thereby  increas¬ 
ing  the  carrying  capacity  of  the  land 
has  become  a  fundamental  concept 
in  game  management.  An  investiga¬ 
tion  to  evaluate  the  effects  of  burn¬ 


ing  and  fallowing  on  the  vegetation, 
and  to  determine  if  these  manage¬ 
ment  techniques  would  be  effective 
in  establishing  an  environment  more 
suitable  to  the  bobwhite  quail,  Coli- 
nus  virgin  ian  us,  was  prompted  by 
this  need  for  habitat  improvement. 

The  Study  Area 

These  studies  were  conducted  on 
non-agricultural  lands  of  the  Fidel¬ 
ity  Mine,  a  holding  of  the  United 
Electric  Coal  Companies,  Inc.  locat¬ 
ed  in  Perry  County  just  west  of 
DuQuoin,  Illinois.  The  topography 
of  this  1200-acre  area  is  level  to 
gently  sloping.  The  soil  type  is  pri¬ 
marily  Wynoose  silt  loam  which  is 
characterized  by  an  impervious  sub¬ 
soil  which  results  in  little  or  no  in¬ 
ternal  drainage  (Wascher  et.  al. 
1950).  The  limited  topsoil  is  fine  in 
texture  with  low  water-holding  ca¬ 
pacity;  natural  fertility  is  poor,  be¬ 
ing  deficient  in  calcium,  potash, 
phosphorus,  nitrogen,  and  organic 
matter.  Many  small  gullies  and  out- 
washes  have  developed  on  the  slopes. 

Open  fields  and  woodlots  charac¬ 
terize  this  non-agricultural  acreage. 
The  fields,  ranging  in  size  from  3 
to  20  acres,  represent  land  that  has 
been  out  of  cultivation  for  10  to 
15  years.  The  woodlots  of  5  to  140 
acres  in  size  were  lightly  to  heavily 
cutover  15  or  more  years  ago  and 
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show  dense  to  sparse  stands  of  large¬ 
ly  third-growth  trees.  At  least  four 
home  sites,  as  evidenced  by  wells, 
vegetation  and  basements,  once  were 
located  in  this  area.  An  old  road¬ 
way  bisects  the  area  from  east  to 
west.  On  the  east  and  north,  the 
area  is  bordered  by  inter-tilled  farm¬ 
land,  on  the  south,  by  pastures  and 
on  the  west,  by  spoilbanks. 

As  management  practices  were  re¬ 
stricted  to  idle  fields,  general  de¬ 
scriptions  are  limited  to  these  areas. 
These  fields  had  been  farmed  pre¬ 
viously  for  the  production  of  corn 
and  small  grains ;  and,  it  seemed  ap¬ 
parent  that  a  suitable  plan  of  crop 
rotation  or  soil  improvement  prac¬ 
tices  was  not  followed.  The  smaller 
fields,  located  on  slopes,  were  re¬ 
leased  from  agricultural  use  before 
the  more  level  larger  fields  as  evi¬ 
denced  by  the  stage  of  plant  succes¬ 
sion. 

All  fields,  but  especially  the  small¬ 
er  ones,  were  being  invaded  by  sev¬ 
eral  trees  and  shrubs  including  per¬ 
simmon,  Diospyros  virginiana,  sas¬ 
safras,  Sassafras  a  lb  id  uni,  oaks, 
Quercus  spp.,  wild  plum,  Prunus 
americana,  wild  black  cherry,  Prim¬ 
us  serotina,  elm,  FI  in  us  a  m  ericana , 
hawthorn,  Crataegus  crusgalli,  dew¬ 
berry,  Rub  us  flagellaris,  blackberry, 
Rubus  frondosus,  and  trumpet  creep¬ 
er,  Campsis  radicans.  The  larger 
fields  showed  widely  distributed 
trees  and  patches  of  shrubs  whereas 
the  small  fields  exhibited  a  uniform 
distribution  of  these  woody  species. 
The  several  drainage  ways  showed 
more  mature  trees  of  the  above  spe¬ 
cies  as  well  as  river  birch,  Betula 
nigra ,  sycamore,  Plat  anus  occidental- 
is,  willow,  Salix  nigra,  and  red  cedar, 
J uniperus  virginiana. 


The  herbaceous  vegetation  was 
characteristic  of  idle  fields  of  south¬ 
ern  Illinois  which  are  low  in  their 
natural  fertility.  Extensive  stands 
of  broomsedge  and  many  herbs  and 
grasses  of  which  lanceleaf  ragweed, 
goldenrod,  aster,  Aster  spp.,  button- 
weed,  three-seeded  mercury,  and 
broomsedge  were  the  most  common. 
Occurring  in  isolated  patches  where 
competition  and  soil  conditions  were 
suitable  were  partridge  pea,  Cassia 
fasciculata,  rushfoil,  Crotonopsis  el- 
liptica,  sheep  sorrel,  lespedezas,  wild 
beans,  desmodiums,  Desmodium  spp., 
and  beggar-ticks,  Bidens  spp.  Widely 
dispersed  were  such  grasses  as  panic, 
three-awned,  Aristida  spp.,  cheat, 
Bromus  secalinus  and  tectorum ,  and 
foxtails,  Setaria  spp.  Except  for  the 
severely  eroded  slopes  these  herbs 
and  grasses  exhibited  in  autumn 
dense  stands  of  vegetation  2  to  3  feet 
in  height.  They  revealed  heavy  accu¬ 
mulations  of  dead  plant  materials  of 
6  to  8  inches  on  the  surface  of  the 
soil.  Exceptions  to  this  were  the 
eroded  slopes  where  there  was  little 
vegetation  other  than  mosses  and 
lichens.  The  general  appearance, 
from  the  standpoint  of  habitat  for 
upland  game,  was  one  of  unproduc¬ 
tiveness  because  of  heavy  uniform 
cover,  little  natural  food,  and  uni¬ 
formity  of  plant  species.  The  low 
populations  of  quail  and  cottontails 
were  a  direct  reflection  of  these  veg- 
etational  characteristics. 

Techniques 

To  improve  this  environment  for 
the  bobwhite  quail,  various  manage¬ 
ment  practices  were  employed.  These 
included  controlled  burning,  fallow¬ 
ing,  food-patch  plantings,  patch-type 
farming,  release  cutting  in  fence 
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rows,  and  release  of  pen-reared  bob- 
whites.  As  this  paper  relates  only 
to  burning  and  fallowing',  the  tech¬ 
niques  presented  reflect  these  two 
practices. 

Burning. — Techniques  of  burning  were 
similar  to  those  previously  reported 
(Stoddard  1941;  Rosene  1955;  Lehmann 
1937;  and  Lay  1954)  except  for  time 
of  year  and  amount  of  area  burned  in 
any  one  year.  Controlled  burning  was 
begun  in  late  March  in  1954  and  early 
April  in  1955  and  continued  intermit¬ 
tently  until  the  first  of  May.  Because 
of  extremely  dry  conditions,  especially 
in  1954,  the  burn  was  not  as  desired, 
being  intense  and  having  to  be  con¬ 
trolled  by  fire  breaks.  Most  burning 
was  during  early  morning  hours  (7  to 
10  AM)  as  fires  required  attendance  and 
could  be  conducted  only  when  wind 
movement  was  low.  Only  the  open  fields 
were  included  as  it  was  too  dangerous 
to  burn  woodland.  To  protect  desirable 
clumps  of  woody  vegetation,  these  were 
isolated  with  plowed  fire  lanes.  Ap¬ 
proximately  one-third  of  the  open  field 
acreage  was  burned  each  year. 

Fallowing.- — Approximately  55  fal¬ 
lowed  strips  were  prepared  in  March. 
April,  and  May  in  both  years  of  the 
study.  These  strips  were  5  to  15  feet 
wide  and  100  to  1500  feet  long.  The 
strips  were  made  through  various  types 
of  herbaceous  cover,  and  included  vir¬ 
tually  all  the  prevailing  soil  conditions. 
Many  of  the  fallow  patches  were  the 
plowed  strips  necessary  to  control  the 
burning,  or  the  unplanted  one-half  of 
food  strips  prepared  for  production  of 
annual  foods. 

Sampling. — In  August,  1954,  and  July 
and  August,  1955,  an  ecological  study 
was  conducted  to  determine  the  effects 
of  burning  and  fallowing  on  the  natural 
vegetation.  Square  meter  quadrats  (one- 
quarter  milliacre),  used  in  sampling  the 
vegetation,  were  located  at  random  in 
unburned,  burned  and  fallowed  areas. 
The  samples  were  established  as  parts 
of  transects,  two  or  more  in  a  line,  or 
at  widely  scattered  points.  A  total  of 
567  quadrats  were  studied  during  the 
2  years.  Plant  composition,  plant  density, 
the  per  cent  bare  ground,  average  height 
of  vegetation  and  soil  pH  were  deter¬ 
mined  in  each  sample.  Plant  density  was 
based  upon  the  number  of  individual 
plants  of  each  species  and  not  number 


of  stems.  Bare  ground  estimates  were 
established  on  the  presence  or  absence 
of  vegetation  covering  the  ground  when 
quadrats  were  viewed  from  above.  The 
hydronium  ion  activity  was  obtained 
through  the  use  of  the  La  Motte  soil 
testing  set. 

Adequacy  of  sample  was  determined 
largely  by  a  noted  decrease  in  new 
species  as  additional  samples  were  taken. 
Due  to  the  homogeneity  of  many  sample 
areas,  additional  quadrats  merely  re¬ 
flected  the  analysis  of  previous  samples. 
This  marked  decrease  was  also  reflected 
in  the  “S”  curve  when  species  were 
plotted  against  samples.  Per  cent  com¬ 
position  of  each  species  of  plant  was 
determined  for  each  area  and  as  a  total 
for  each  type  of  managed  or  unmanaged 
area  being  analyzed.  This  was  accom¬ 
plished  by  dividing  the  number  of  in¬ 
dividual  species  by  the  total  number  of 
individuals  recorded. 

Presentation  of  Data 

In  an  effort  to  evaluate  manage¬ 
ment  techniques,  data  from  1954  and 
1955  samples  were  combined  and 
analyzed.  Thirty-seven  families  of 
plants  representing  126  species  were 
recorded  during  the  2  years  of  the 
study ;  included  were  66  perennials, 
52  annuals,  and  8  biennials.  Twenty- 
nine  exotic  species,  mainly  of  Euro¬ 
pean  and  Asian  origins,  were  noted. 
Only  27  species  and  11  families 
yielded  one  per  cent  or  more  of 
the  total  plant  composition  in  one 
or  more  of  the  areas  investigated 
(unmanaged,  burned,  and  fallowed). 

Unmanaged  Areas. — Two  hundred  and 
thirteen  quadrats  established  in  the  un¬ 
managed  areas  yielded  30  plant  families 
representing  91  species.  Seven  families, 
Gramineae  (33.1%),  Rnbiaceae  (20.1%), 
Compositae  (16.7%),  Eupliorbiaceae 
(8.5%),  Juncaceae  (6.4%),  Polygonaceae 
(5.3%),  and  Leguminosae  (5.2%),  com¬ 
prised  over  95  per  cent  of  the  plant 
composition  (Table  I). 

Gramineae,  the  most  well  represented 
family,  consisted  mainly  of  three-awned 
grasses  (6.3%);  cheat  (6.2%),  panic 
grass  (5.5%),  perennial  rye  grass 
(5.1%),  and  broomsedge  (3.5%)  (Table 
2). 


Table  1. — Per  cent  Composition  of  Major  Plant  Families  on  Unmanaged,  Burned,  and  Fallowed  Areas  for  1954  and  1955, 
United  Electric  Coal  Companies,  Inc.,  Dn  Quoin,  Illinois. 
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Table  2.  —  Per  cent  Composition  of 
Major  Plant  Species  on  Unmanaged, 
Burned,  and  Fallowed  Areas  for  1954 
and  1955,  United  Electric  Coal  Com¬ 
panies,  Dn  Quoin,  Illinois. 


Unman 

Species  aged 

Burned 

Fal¬ 

lowed 

Buttonweed 

Diodia  teres1 

20.1 

17.5 

36.0 

Lanceleaf  ragweed 
Ambrosia  bidentata 

8.7 

13.9 

1.4 

Tliree-seeded  mercury 
Acalypha  virginica  6.6 

9.8 

0.7 

Rushes 

Juncus  spp. 

6.4 

2.9 

0.9 

Three-awned  grasses 
Aristida  spp. 

6.3 

7.7 

0.2 

Cheat 

Bromus  secalinus 

6.2 

2.5 

0.4 

Panic  grass 

Panicum 

lanuginosum 

5.5 

7.4 

8.8 

Sheep  sorrel 
and  dock 

Rumex  spp. 

5.1 

4.5 

5.1 

Perennial  rye  grass 
Lolium  perenne 

5.1 

0.6 

0.1 

Goldenrod 

Solidago  spp. 

4.2 

1.8 

0.5 

Broomsedge 

Andropogon 

virginicus 

3.5 

1.9 

2.7 

Wild  beans 

Stropho styles  spp. 

2.0 

2.3 

1.7 

Rushfoil 

Grotonopsis 

elliptica 

1.5 

2.5 

0.2 

Partridge  pea 

Cassia  fasciculata 

1.5 

1.4 

0.2 

Dropseed 

Sporobolus 

lieterolepsis 

1.4 

Lespedezas 

Lespedeza  spp. 

1.4 

7.5 

1.1 

Asters 

Aster  spp. 

1.3 

0.5 

0.3 

Munro  grass 
Panicum  agrostoides 

1.2 

0.3 

o.s 

Common  ragweed 
Ambrosia 
artemisiifolia 

1.0 

2.9 

0.3 

Foxtails 

Setaria  spp. 

0.9 

0.2 

1.5 

Dewberry 

Rub  us  flagellaris 

0.7 

0.8 

1.8 

Horse  nettle 

Solarium  carolinense 

0.6 

0.3 

1.9 

Bluegrasses 

Poa  spp. 

0.5 

1.1 

Crab  grasses 
Digitaria  spp. 

0.3 

0.2 

14.7 

Switch  grass 
Panicum  virgatum 

0.1 

_ 

8.2 

Carpetweed 

Mollugo  verticillata 

_ 

0.1 

4.6 

Mountain  mint 
Pycnanthemum 
tenuif  olium 

— 

1.1 

— 

1  Scientific  nomenclature  according  to 
Fernwald  (1950). 


Rubiaceae,  ranking  second  in  per  cent 
composition,  was  represented  by  button- 
weed  (20.1%).  This  plant,  the  most 
abundant  species  recorded,  occurred  in 
moderate  to  thick  stands  but  was  only 
rarely  recorded  in  dense  growths  of 
broomsedge. 

Lanceleaf  ragweed  (8.7%),  goldenrods 
(4.2%),  asters  (1.3%),  and  common  rag¬ 
weed,  Ambrosia  artemisiifoHa  (1.0%) 
were  the  principal  components  of  the 
family  Compositae.  These  species  were 
scattered  throughout  the  samples,  but 
were  less  common  in  the  dense  stands 
of  broomsedge.  At  the  edges  of  woods 
and  along  waterways  goldenrod  and 
aster  often  formed  thick,  high  growths. 

Three-seeded  mercury  (6.6%)  and 
rushfoil  (1.5%)  represented  the  family 
Eupliorbiaceae.  The  former,  not  com¬ 
monly  found  growing  in  direct  sunlight 
was  abundant  in  moderate  to  thick 
stands  of  open  fields.  Rushfoil  was  noted 
growing  in  dense  patches  which  some¬ 
times  measured  several  meters  in  di¬ 
ameter. 

Rushes  (6.4%),  belonging  to  the  fam¬ 
ily  Juncaceae,  were  prominent  in  both 
upland  and  lowland  fields.  Characteristic 
of  low  wet  areas,  these  plants  were  evi¬ 
dence  of  the  poorly  drained  soils  of 
upland  fields. 

Polygonaceae,  comprised  mainly  of 
sheep  sorrel,  and  to  a  lesser  degree 
by  curly  dock,  Rumex  crispus,  made  up 
5.1  per  cent  of  the  plant  composition. 
Sheep  sorrel,  an  indicator  of  acid  soil, 
was  widely  distributed. 

Wild  beans  (2.0%),  the  major  rep¬ 
resentatives  of  the  family  Leguminosae, 
were  recorded  in  many  of  the  quadrats, 
but  were  not  numerous.  In  areas  where 
herbaceous  cover  was  dense,  wild  bean, 
partridge  pea  (1.5%),  annual  lespedezas 
(1.4%),  and  other  legumes  were  scarce. 

Further  analysis  of  the  flora  of  the 
unmanaged  areas  revealed  that,  although 
more  perennial  species  were  recorded 
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than  annuals  or  biennials,  the  per  cent 
composition  was  not  in  this  order.  Forty- 
two  annuals  comprised  61.2  per  cent 
of  the  plant  composition,  45  perennials 
totaled  34.5  per  cent,  and  4  biennials 
yielded  4.3  per  cent.  The  more  im¬ 
portant  annuals  were  buttonweed,  lance- 
leaf  ragweed,  three-seeded  mercury, 
three-awned  grasses,  and  cheat.  Peren¬ 
nials  included  a  rush,  panic  grasses, 
sheep  sorrel,  perennial  rye  grass,  and 
broomsedge.  The  biennials  were  few 
and  were  represented  mainly  by  golden- 
rods. 

The  average  number  of  stems  recorded 
per  quadrat  in  the  unmanaged  areas 
was  137;  the  average  height  of  vege¬ 
tation  was  16  inches  (Table  3).  Esti¬ 
mated  per  cent  bare  ground  ranged  from 
0.0  to  70.0  per  quadrat  and  averaged  3.2. 
Soil  samples  revealed  a  median  pH  of 
6.9. 

Burned  Areas. — A  total  of  30  plant 
families  totaling  99  species  were  re¬ 
corded  in  180  quadrats  examined  in  the 
burned  areas.  Eight  plant  families,  Gram- 
ineae  (22.3%),  Compositae  (21.2%),  Ru- 
biaceae  (17.5%),  Leguminosae  (12.8%), 
Euphorbiaceae  (12.6%),  Polygonaceae 
(4.5%),  Juncaceae  (2.9%),  and  Labiatae 
(1.1%)  comprised  95.1  per  cent  of  the 
plant  composition  (Table  1). 

As  in  the  unmanaged  areas,  Grani- 
ineae  ranked  first  in  per  cent  com¬ 
position.  The  major  species  were  three- 
awned  grasses  (7.7%),  panic  grass 
(7.4%),  and,  to  a  lesser  degree,  cheat 
(2.5%)  and  broomsedge  (1.9%)  (Table 
2).  Three-awned  grasses  were  more 
abundant  on  soils  supporting  a  scant 
herbaceous  cover.  Broomsedge  was  ob¬ 
served  growing  from  many  of  the  burned 
clumps  as  well  as  from  seeds. 

Compositae  ranked  second  in  per 
cent  composition.  Lanceleaf  ragweed 
(13.9%),  a  major  component  of  this 
family  (Table  2),  occurred  in  uniform 
stands.  It  was  the  most  conspicuous 
plant  wherever  burning  occurred  in  open 
fields.  These  stands  reached  a  height 
of  iy2  to  2  feet.  The  typically  small, 
first  season’s  growth  of  goldenrods 
(1.8%),  the  taller  asters  (0.5%)  and 
common  ragweed  (2.9%)  occurred  as 
either  scattered  plants  or  in  small 
patches. 

Buttonweed,  the  only  member  of  the 
Rubiaceae,  comprised  17.5  per  cent  of 
the  plant  composition.  This  plant  was 
common  in  the  herbaceous  substratum 
and  comprised  the  highest  per  cent  com¬ 
position  of  any  one  species  in  the 
burned  areas. 


Annual  lespedezas  (7.5%),  wild  beans 
(2.3%),  and  partridge  pea  (1.4%)  were 
the  important  plants  comprising  the 
Leguminosae.  Annual  lespedezas  were 
recorded  in  several  areas,  one  of  which 
was  seeded  after  burning.  In  the  area 
where  seeding  occurred,  annual  lespedeza 
made  up  6.3  per  cent  of  the  composition 
whereas  it  comprised  only  1.2  per  cent 
of  the  composition  in  areas  not  seeded. 
Wild  beans  were  recorded  in  practically 
every  sample  and  were  well  distributed 
in  the  burned  areas.  Partridge  pea 
occurred  in  scattered  clumps  several 
meters  in  diameter  in  many  of  the 
burned  areas. 

The  family  Euphorbiaceae  was  com¬ 
prised  mainly  of  three-seeded  mercury 
(9.8%),  and  rushfoil  (2.5%).  These 
species  like  buttonweed  were  most  com¬ 
mon  in  areas  having  medium  to  light 
vegetation. 

Polygonaceae,  made  up  mainly  of 
sheep  sorrel  and  to  a  lesser  extent  curly 
dock,  was  well  represented  in  the  burned 
areas.  Sheep  sorrel  was  uniformly  dis¬ 
tributed  and  made  up  4.7  per  cent  of 
the  composition. 

The  majority  of  the  flora  of  the  burned 
areas  was  composed  of  annual  herbs. 
Forty-six  annual  species  comprised  71.9 
per  cent  of  the  composition.  The  major 
species  were  buttonweed,  lance-leaf  rag¬ 
weed,  three-seeded  mercury,  three-awned 
grasses,  annual  lespedezas,  and  common 
ragweed.  Forty-nine  perennials,  com¬ 
prising  25.7  per  cent  of  the  composition 
and  5  biennials  comprising  2.4  per  cent, 
constituted  the  remaining  species.  The 
more  prominent  perennials  were  panic 
grasses,  sheep  sorrel,  rush,  and  broom¬ 
sedge.  The  important  biennials  were 
goldenrods  and  wild  carrot,  Daucus  car- 
ota. 

An  average  of  176  plants  per  quadrat 
was  recorded  for  burned  areas  ( Table 
3).  The  average  height  of  vegetation 
was  15  inches  and  bare  ground  esti¬ 
mates  ranged  from  0.0  to  85.0  per  cent 
with  an  average  of  23.0  per  cent.  The 
median  soil  pH  was  7.0  in  lightly  burned 
areas,  and  7.4  in  severely  burned  sites. 

Fallowed  Areas. — A  total  of  176  quad¬ 
rats  were  established  in  the  fallowed 
areas  with  29  families  and  74  plant 
species  being  recorded.  Nine  of  the 
families,  Gramineae  (38.9%),  Rubiaceae 
(35.9%),  Polygonaceae  (5.4%),  Aizoa- 
ceae  (4.6%),  Compositae  (3.1%),  Le¬ 
guminosae  (3.1%),  Solonaceae  (1.9%), 
Rosaceae  (1.8%),  and  Euphorbiaceae 
(1.3%),  comprised  96.7  per  cent  of  the 
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vegetation  (Table  1).  These  families 
yielded  13  species  with  a  composition 
of  more  than  one  per  cent.  Gramineae, 
ranking  first,  was  well  represented  by 
crab  grasses,  Digitaria  spp.,  (14.7%), 
two  species  of  panic  grass,  Panicum 
lanuginosum  (8.8%)  and  P.  virgatum 
(8.2%),  broomsedge  (2.7%),  and  foxtail 
grasses  (1.5%)  (Table  2).  Crab,  panic, 
and  foxtail  grasses,  formed  a  dense  car¬ 
pet  of  vegetation  with  little  bare  ground. 
Broomsedge  was  never  found  in  clumps 
but  as  first  year  seedlings. 

Buttonweed  (36.0%),  belonging  to  the 
family  Rubiaceae,  had  the  highest  per 
cent  composition  of  any  plant  recorded 
on  the  fallow  strips.  Unlike  its  occur¬ 
rence  as  an  understory  plant  of  the 
herbaceous  vegetation  in  the  unmanaged 
and  burned  areas,  buttonweed  was  com¬ 
mon  in  the  open  areas  of  the  newly 
disturbed  ground. 

Sheep  sorrel,  a  small  plant  common 
in  the  fallowed  areas  and  the  larger, 
curly  dock  comprised  the  family  Poly- 
gonaceae.  These  plants  together  made 
up  5.1  per  cent  of  the  composition.  The 
former,  more  numerous  than  curly  dock, 
grew  in  concentrations. 

Carpetweed,  Mollugo  verticillata ,  was 
one  of  the  first  plants  to  become  es¬ 
tablished  following  disturbance  of  the 
soil.  Of  the  total  plants,  it  comprised 
4.6  per  cent  of  the  composition.  This 
plant  was  common  in  open  areas  or 
where  bare  ground  was  persistent,  but 
soon  gave  way  and  disappeared  as  thick¬ 
er  herbaceous  cover  developed. 

Taller  herbs  occurring  in  the  flora  of 
the  fallowed  areas  were  mainly  members 
of  the  Compositae.  Lanceleaf  ragweed 
(1.4%),  although  not  abundant,  was  well 
represented  in  fallowed  strips  not  over¬ 
grown  with  grasses.  The  same  was  true 
of  goldenrods  (0.5%)  and  asters  (0.3%) 
which  had  their  greatest  development 
in  the  second  year  after  fallowing,  often 
growing  3  to  6  feet  high. 

Two  species  of  wild  bean  (1.7%), 
Strophostyles  leiosperma ,  and  N.  helova, 
belonging  to  the  family  Leguminosae, 
were  common  in  fallowed  strips  having 
a  moderate  to  light  herbaceous  cover. 
Wild  beans  often  grew  intertwined  with 
partridge  pea  (0.2%),  ragweeds,  and 
other  herbaceous  plants. 

Dewberry  (1.8%),  a  member  of  the 
family  Rosaceae,  occurred  most  abund¬ 
antly  where  fallowed  strips  dissected 
already  established  clumps.  The  canes 
of  this  plant  were  prostrate  on  the 
ground  and  formed  tangled  growths. 


In  the  fallowed  areas,  37  annuals 
made  up  65.0  per  cent  of  the  plant  com¬ 
position.  Thirty-two  perennials  totaling 
34.5  per  cent  and  5  biennials  comprising 
0.5  per  cent  constituted  the  remaining 
composition.  Important  annuals  such  as 
buttonweed,  crab  grasses,  and  carpet- 
weed  comprised  over  one-half  of  the 
plant  composition  (55.3%).  Perennial 
species  having  a  high  per  cent  composi¬ 
tion  were  panic  grasses,  sheep  sorrel, 
and  broomsedge.  Goldenrod  was  the  most 
abundant  biennial  recorded. 

Bare  ground  ranged  from  0.0  to  100.0 
per  cent  and  averaged  46.0  per  cent 
(Table  3).  An  average  of  84  stems  was 
recorded  per  quadrat.  The  average 
height  of  vegetation  was  9.6  inches  and 
median  soil  pH  was  7.0. 

Anaylsis  of  Effects  of  Burning 
and  Fallowing 

In  comparing*  results  of  the  un¬ 
burned,  burned,  and  fallowed  areas, 
it  was  evident  that  about  the  same 
major  plant  species  were  present  in 
each.  Twenty-seven  species  constitut¬ 
ed  90  per  cent  or  more  of  the  plant 
composition  in  the  three  areas.  Nine¬ 
teen  major  species  (those  having  a 
composition  of  1  per  cent  or  more) 
made  up  89.1  per  cent  of  the  com¬ 
position  on  unburned  sites.  Seventeen 
species  totaling  88.7  per  cent  and 
13  species  comprising  89.1  per  cent 
made  up  the  majority  of  the  vege¬ 
tation  on  the  burned  and  fallowed 
areas,  respectively. 

Burning  and  fallowing  resulted  in 
an  alteration  as  to  numbers  and 
composition  of  annual,  perennial,  and 
biennial  species.  Annual  species  in¬ 
creased  from  42  on  unburned  land 
to  46  on  burned  areas.  Perennials 
also  increased  after  burning,  showing 
45  species  in  unburned  areas  and  49 
on  burned  sites.  On  fallowed  land, 
annual  and  perennial  species  showed 
37  and  32,  respectively.  Biennials  in¬ 
creased  from  four  on  the  unburned 
land  to  five  on  burned  and  fallowed 
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areas.  Annuals  comprised  61.2  per 
cent  of  the  vegetation  on  unburned 
areas,  71.9  per  cent  on  burned,  and 
65.0  per  cent  on  fallowed  sections. 
Perennials  represented  34.5  per  cent 
on  unburned  sites,  25.7  per  cent  on 
burned  sections  and  34.5  per  cent 
in  fallowed  strips.  Biennials  yielded 
4.3  per  cent  on  unburned,  2.4  on 
burned,  and  0.5  on  fallowed  areas. 

Many  plant  species  increased  in 
abundance  as  a  result  of  manage¬ 
ment  practices.  Species  showing  ma¬ 
jor  increases  in  per  cent  composition 
due  to  burning  were  lanceleaf  rag¬ 
weed,  common  ragweed,  panic  grass¬ 
es,  three-seeded  mercury,  wild  beans, 
three-awned  grasses,  annual  lesped- 
ezas,  and  rushfoil.  All  of  these  plants 
with  the  exception  of  the  three-awned 
grasses,  are  good  quail  foods.  Part¬ 
ridge  pea,  an  important  wildlife 
food,  declined  in  per  cent  composi¬ 
tion  in  1954,  but  an  increase  and 
excellent  stands  were  observed  in  all 
of  the  burned  areas  sampled  in  1955. 
Plants  that  increased  in  the  fallowed 
strips  were  buttonweed,  panic  grass¬ 
es,  crabgrasses,  foxtail  grasses,  car¬ 
pet  weed,  and  horse-nettle,  Solanum 
carolinense.  Dewberry  increased 
from  0.7  per  cent  in  the  unburned 
areas  to  1.8  in  fallowed  strips;  sub¬ 
dividing  roots  and  canes  probably 
contributed  to  this  increase. 

A  few  plants  decreased  after  burn¬ 
ing  and  fallowing.  Sheep  sorrel,  rush, 
asters,  goldenrods,  cheat,  button- 
weed,  foxtail  grasses  and  panic  grass, 
Panicum  agrostoides,  decreased  in 
composition  after  burning.  Broom- 
sedge,  which  is  of  little  value  to  wild¬ 
life  when  it  occurs  in  large,  dense 
stands,  decreased  from  3.5  per  cent 
on  unburned  areas  to  1.9  per  cent 
on  burned  sites.  Due  to  fallowing, 


lanceleaf  ragweed,  rushes,  three- 
awned  grasses,  cheat,  perennial  rye 
grass,  broomsedge,  and  partridge  pea 
decreased.  Broomsedge  was  virtually 
eliminated  in  1954  but  seedlings  were 
recorded  on  a  few  fallow  strips  the 
following  year. 

Plant  composition  15  to  16  months 
after  burning,  as  compared  to  un¬ 
managed  and  recently  burned  land, 
revealed  a  reduction  of  buttonweed, 
sedge,  Carex  sp.,  rushfoil,  broom¬ 
sedge,  and  the  blue  grasses,  Poa  spp. 
Three-awned  grasses  and  dock 
showed  considerable  increases  in 
these  areas.  Cheat  and  wild  beans 
also  yielded  higher  compositions  in 
areas  unburned  for  15  to  16  months. 

Because  burning  on  United  Elec¬ 
tric  Land  was  conducted  in  early 
spring,  a  comparison  of  data  from 
areas  burned  in  different  seasons  was 
not  available.  Late  winter  burning 
according  to  Stoddard  (1941)  is  most 
desirable  in  the  Gulf  Coast  States; 
however,  burning  should  be  con¬ 
ducted  after  danger  of  late  frost 
is  past.  Many  wild  food  plants,  par¬ 
ticularly  partridge  pea,  are  killed  by 
freezing  after  premature  germina¬ 
tion  in  the  fire-blackened  soil  (Leh¬ 
mann  1937).  Burning  in  spring,  after 
plants  have  germinated,  will  also  kill 
many  desirable  food  plants ;  par¬ 
tridge  pea,  annual  lespedezas,  and 
other  annuals  will  be  destroyed.  Wild 
bean,  although  suppressed  by  a  late 
spring  burn,  will  usually  be  stimu¬ 
lated  (Lehmann  1937). 

As  plant  composition  may  vary 
because  of  different  seasons  of  burn¬ 
ing,  plant  composition  of  fallow 
strips  will  also  be  affected  by  the 
time  of  plowing.  Because  the  reveg¬ 
etation  of  newly  disturbed  ground 
is  dependent  to  a  large  extent  on 
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local  weather  conditions,  it  may  be 
advisable  to  plow  strips  over  a  period 
of  several  months  (Lehmann  1937). 
Unless  the  sole  purpose  of  plowed 
strips  is  to  control  burning,  strips 
should  not  be  replowed  until  com¬ 
pletely  reverted  to  the  natural  vege¬ 
tation.  On  our  study  area  plowed 
strips  were  necessary  in  controlling 
fires  but,  in  order  to  produce  more 
diversified  cover,  new  strips  were 
plowed  adjacent  to  older  ones. 

Plant  Density. — Marked  differ¬ 
ences  in  the  unburned,  burned,  and 
fallowed  areas  were  evident  in  the 
numbers  of  plants  per  sample.  The 
density  increased  from  137  plants  in 
the  unburned  areas  to  176  in  areas 
sampled  3  to  4  months  after  burning. 
The  greatest  number  of  plants,  253 
per  quadrat,  was  recorded  in  areas 
sampled  15  to  16  months  after  burn¬ 
ing.  This  increase  in  the  number  of 
individuals  per  quadrat  was  prob¬ 
ably  a  result  of  the  decrease  of  the 
dominants  as  well  as  more  favorable 
conditions  for  the  growth  of  dis¬ 
persed  or  latent  seeds.  In  the  fal¬ 
lowed  areas  the  average  number  of 
plants  per  quadrat  was  83.  In  areas 
fallowed  in  1955,  seven  times  as  many 
plants  were  recorded  than  in  1954 
(24  plants  per  quadrat  in  1954  and 
169  in  1955).  This  increase  was  prob¬ 
ably  due  to  an  increase  in  precipita¬ 
tion  in  the  spring  of  1955. 

Bare  Ground. — Bare  ground  was 
increased  approximately  8  times  in 
the  burned  areas  and  14  times  in  fal¬ 
lowed  areas.  The  ground  cover  on 
much  of  the  idle  land  was  composed 
of  dead  leaf  materials.  Broomsedge, 
when  present  in  concentrated  clumps, 
Avas  responsible  for  the  exclusion  of 
much  of  the  bare  ground.  On  land 


sampled  3  to  4  months  after  burn¬ 
ing,  bare  ground  averaged  23  per 
cent.  This  increase  resulted  from  the 
destruction  of  the  thick  vegetation. 
After  the  second  growing  season, 
burned  areas  averaged  10  per  cent 
bare  ground,  being  three  times  more 
than  that  of  unmanaged  land.  Fal¬ 
lowing  resulted  in  the  most  obvious 
change  in  the  vegetational  cover.  In 
1954  fallowed  strips,  bare  ground 
averaged  55.0  per  cent  while  in  1955, 
bare  ground  averaged  37.5  per  cent. 
This  increase  in  the  vegetational  cov¬ 
er  in  1955  may  have  been  due  to  the 
increase  in  spring  precipitation. 

Soil  pH. — Although  soil  condi¬ 
tions  were  not  studied  in  detail,  in¬ 
creases  in  the  median  soil  pH  was 
noted  in  the  burned  areas.  The  tests 
for  hydronium  ion  activity  indicated 
a  pH  of  6.9  for  unburned  areas, 
7.0  for  those  lightly  burned,  and  7.4 
for  those  heavily  burned.  The  rela- 
tively  high  readings  are  not  in  ac¬ 
cordance  with  the  acid  conditions  of 
the  soil  as  determined  for  applica¬ 
tion  of  agricultural  lime.  However, 
the  increase  from  unburned  to  light, 
to  severe  burn  may  show  a  trend  in 
alteration  of  soil  pH  due  to  burning. 
Partridge  pea  and  other  legumes 
grow  best  on  basic  soils  and  if  burn¬ 
ing  does  alter  pH,  the  result  would 
definitely  favor  the  growth  of  these 
legumes. 

Burning  and  Fallowing  as 
Management  Tools 

The  unmanaged  land  on  this  prop¬ 
erty  was  once  considered  to  support 
some  of  the  best  quail  populations 
in  southern  Illinois.  This  was  ap¬ 
proximately  4  to  5  years  after  the 
land  had  been  removed  from  culti- 
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ration.  As  tlie  land  remained  idle, 
annual  food  plants  and  general  cover 
conditions  suitable  to  quail  were  re¬ 
placed  by  thick,  non-food  producing 
vegetation.  Eventually,  with  the  in¬ 
vasion  of  woody  herbs  and  trees, 
climax  vegetation  could  be  expected 
to  become  established.  As  pointed 
out  by  Lehmann  (1937)  a  climax, 
whether  grass  or  forest,  is  not  usu¬ 
ally  favorable  to  quail.  Food  plants 
and  cover  necessary  for  good  quail 
populations  are  those  associated  with 
the  early  successional  stages. 

To  be  a  useful  quail  management 
tool,  burning  must  be  done  often 
enough  to  sustain  the  most  produc¬ 
tive  habitat.  In  Michigan,  burning 
every  1  or  2  years  produced  her¬ 
baceous  vegetation  of  bluegrass,  as¬ 
ter  and  goldenrod  which  would  last 
indefinitely  as  long  as  controlled 
burning  was  practiced  (Beckwith 
1954).  Infrequent  burning  only  re¬ 
tarded  the  natural  succession  and 
more  woody  plants  became  estab¬ 
lished.  From  our  study,  initial  ob¬ 
servations  indicated  that  more  di- 
verisfied  habitat  was  established 
when  one-tliird  of  the  land  was 
burned  each  year.  As  a  result  of 
this  plan,  three  specific  habitats  were 
produced,  each  of  which  meet  cer¬ 
tain  needs  of  quail.  A  few  months 
after  burning,  a  limited  amount  of 
plant  cover  was  established  to  pro¬ 
vide  some  nesting  cover;  one  success¬ 
ful  nest  was  recorded  from  one  such 
area.  More  importantly,  recent  burns 
made  more  seeds  and  insects  acces¬ 
sible,  offered  dusting  areas,  gave  a 
more  desirable  roosting  habitat,  and, 
in  general,  made  it  possible  for  quail 
to  get  their  feet  on  the  ground.  The 
latter  seemed  to  be  a  prime  requisite 
in  quail  management  programs  in 


southeastern  United  States  (Scott 
and  Klimstra  1954).  Evidences  of 
the  above  utilization  were  repeatedly 
observed  during  field  studies  of  the 
quail  populations.  In  fact,  greatest 
activity  in  late  summer  was  observed 
in  the  annual  food  patches  where 
cover  was  even  less  dense  and  more 
bare  ground  was  exposed  than  on 
burned  areas.  In  the  second  year 
after  burning,  the  land  would  fulfill 
somewhat  the  same  requirements. 
However,  plant  composition,  density 
of  vegetation,  and  per  cent  of  bare 
ground  would  be  less  desirable.  In 
areas  unburned  for  2  years,  vege¬ 
tation  would  be  similar  to  that  in 
the  unmanaged  fields,  although 
broomsedge  would  probably  not  be 
well  established.  These  conditions  are 
important  as  sources  of  nesting  and 
escape  cover,  and  during  periods  of 
adverse  climatic  conditions.  Desir¬ 
able  nesting  sites  for  quail  offer  ac¬ 
cumulated  vegetation  from  the  pre¬ 
vious  year’s  growth.  The  alternate 
burning  suggested  would  offer  great 
diversity  of  plants  throughout  a  giv¬ 
en  area  resulting  in  an  environment 
more  acceptable  to  wildlife. 

More  food  and  cover  was  provided 
in  the  open  fields  by  protecting  small 
trees  and  thickets  from  hre.  This 
precaution  increased  the  diversifica¬ 
tion  of  the  habitat  and  established 
nesting,  roosting,  and  escape  cover, 
near  a  source  of  annual  foods.  Un¬ 
burned  strips  along  the  edges  of 
fields  were  also  useful  as  a  protective 
transitional  zone  between  the  open 
ground  cover  of  the  wooded  fence 
rows  and  the  light  cover  of  the 
burned  fields. 

As  a  result  of  burning,  mechanical 
stimulus  or  chemical  alterations  of 
the  soil  probably  influenced  the  re- 
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suiting  vegetation.  Hard  seed  coats 
of  partridge  pea  and  rushfoil  were 
possibly  scarified  by  heat  during 
burning  resulting  in  greater  germ¬ 
ination.  Reduction  of  competition, 
and  generally  more  favorable  grow¬ 
ing  conditions  were  believed  respons¬ 
ible  for  the  increased  production  of 
certain  plants.  Burning  may  also 
have  made  available  plant  foods. 

Fallowed  strips  were  not  particu¬ 
larly  important  for  the  amount  of 
food  and  cover  provided ;  however, 
because  bobwhite  quail  prefer  trav¬ 
eling  on  the  ground,  these  strips 
were  important  in  linking  parts  of 
their  habitat  and  in  making  more 
feeding  areas  accessible.  The  fal¬ 
lowed  strips  served  as  travel  lanes, 
and  feeding,  roosting,  and  nesting 
could  be  carried  on  short  distances 
from  their  edges.  According  to  Stod¬ 
dard  (1941:  21)  “.  .  .  the  bobwhite 
in  nesting  shows  a  marked  partiality 
for  the  vicinity  of  roads,  paths,  edges 
of  fields,  and  similar  open  situa¬ 
tions/’  In  his  studies,  74  per  cent 
of  all  nests  were  within  50  feet  or 
less  of  such  openings.  Therefore,  well 
placed  strips  dividing  otherwise  fea¬ 
tureless  vegetation  would  be  bene¬ 
ficial  in  producing  more  edge,  re¬ 
sulting  in  greater  diversification  of 
vegetation.  Quail  prefer  a  light,  dry 
soil  for  dusting  sites,  and  fallowed 
areas  would  be  extremely  attractive. 

The  history  of  uncontrolled  burn¬ 
ing  is  indicative  of  its  disastrous 
effects  on  wildlife.  Controlled  burn¬ 
ing,  during  seasons  when  desirable 
plants  are  destroyed,  is  likewise 
harmful.  Even  though  vegetational 
conditions  were  improved  for  quail, 
burning  did  result  in  the  destruction 
of  cover  favorable  to  the  cottontail 
rabbit.  Burning  Avas  conducted  at  a 


time  when  rabbits  were  bearing 
young,  and  it  is  likely  that  some 
nests  were  destroyed.  “Fire  is  right¬ 
ly  comparable  to  a  two-edged  sword. 
While  it  may  be  used  to  good  ad- 
vantage  at  times  to  obtain  definite 
desired  results,  its  abuse,  or  careless 
uncontrolled  use,  may  be  productive 
of  great  harm”  (Stoddard  1941; 
414). 
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Abstract. — Thirty  horseradish  culti- 
vars  were  grouped  into  three  types  based 
on  differences  in  morphological  charac¬ 
teristics  and  disease  reactions.  Type  I, 
known  as  Bohemian,  has  smooth  lanceo¬ 
late  to  oblanceolate  radical  leaves  that 
taper  acutely  at  the  base.  The  plants 
are  resistant  to  Turnip  mosaic  1  and 
whiterust  diseases.  Type  II  has  smooth 
to  slightly  crinkled  ovate  to  obovate  radi¬ 
cal  leaves  that  are  rounded  at  the  base. 
The  plants  are  very  susceptible  to  Tur¬ 
nip  mosaic  1,  expressed  as  a  ringspot 
symptom,  and  are  intermediate  in  re¬ 
sistance  to  white-rust.  Type  III,  known 
as  common,  has  crinkled,  cordate  radical 
leaves  and  is  susceptible  to  Turnip  mo¬ 
saic  1,  expressed  as  a  mosaic,  and  to 
white-rust. 

Horseradish,  Armoracia  rusticana 
Gaertn.,  Mey.  &  Scherb.,  is  one  of 
the  oldest  and  best  known  condi¬ 
ments,  valued  for  the  fleshy  tap-roots 
which  have  an  extremely  pungent 
flavor.  Approximately  15,000,000 
pounds  of  horseradish  are  processed 
annually  for  consumption  in  the 
United  States,  according  to  the  Na¬ 
tional  Association  of  Horseradish 
Packers.  Over  1,500  acres  of  horse¬ 
radish,  or  approximately  60  per  cent, 
are  grown  on  deep,  fertile,  loessial 
soils  in  the  Mississippi  River  Valley 
around  East  St.  Louis,  Illinois. 

Horseradish  cultivars  are  gener¬ 
ally  divided  by  commercial  growers 
and  handlers  into  two  types,  “com¬ 
mon  and  “Bohemian”.  The  com¬ 
mon  type  has  broad  crinkled  leaves 
and  produces  a  root  of  high  quality 
for  processing.  The  Bohemian  type 
lias  narrow  smooth  leaves,  is  more 


resistant  to  certain  diseases,  and  gen¬ 
erally  produces  a  root  of  lower  quali¬ 
ty  than  the  common  type. 

The  horseradish  plant  is  highly 
sterile  and  is  propagated  asexually 
by  roots  (Brzezinski,  1909  and  AVeb- 
er,  1949).  Lack  of  natural  seed  prod¬ 
uction  has  reduced  the  possibility  of 
developing  new  cultivars.  Amiable 
seeds,  however,  have  been  produced 
under  certain  controlled  conditions. 
Brzezinski  (1909)  was  probably  the 
first  to  grow  horseradish  from  seed. 
Later  AATeber  (1949)  and  Moravec 
(1963)  reported  success  in  obtain¬ 
ing  viable  seeds.  Seedlings  have  also 
been  obtained  during  the  past  five 
years  at  the  Illinois  Agricultural  Ex¬ 
periment  Station.  In  evaluating  seed¬ 
lings  and  cultivars,  it  was  evident 
that  horseradish  cultivars  should  be 
grouped  into  three  types  rather  than 
the  two  types,  which  are  commonly 
recognized  by  growers  and  proces¬ 
sors. 

Materials  and  Methods 

Data  on  morphological  plant  char¬ 
acteristics  and  disease  symptoms  were 
taken  on  15  cultivars  grown  near 
East  St.  Louis  in  1962  and  30  cnl- 
tivars  grown  at  Urbana  in  1963,  with 
15  cultivars  common  to  both  loca¬ 
tions. 

In  the  East  St.  Louis  planting, 
the  side  and  crown  roots  were  re¬ 
moved  to  promote  development  of  a 
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Table  1.  Characteristics  of  Horseradish  Cultivars 
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large  primary  root,  a  common  com¬ 
mercial  practice.  In  the  Urbana 
planting,  no  roots  were  removed.  All 
plants  were  grown  from  root  cut¬ 
tings  approximately  0.5  inch  in  di¬ 
ameter  and  10  to  14  inches  in  length. 

Leaf  measurements  were  taken 
during  September,  as  leaf  character¬ 
istics  are  more  pronounced  and  con¬ 
sistent  at  this  time.  For  each  cul- 
tivar,  several  mature  and  radical 
leaves  were  measured  for  length  and 
width  of  the  leaf  blade,  length  of 
petiole,  and  leaf  base  angle.  The  leaf 
base  angle  is  an  angle  subtended  by 
an  arc  drawn  from  the  midrib  of 
the  leaf  blade  to  the  basal  margin 
of  the  leaf  blade.  Observations  were 
made  for  shape,  margin,  and  tex¬ 
ture  of  the  leaves.  Petioles  were  re¬ 
corded  as  either  solid  or  hollow  at 
the  base  of  the  leaf  blade.  Several 
cultivars  were  flowered  to  observe 
the  inflorescence. 

Each  cultivar  was  rated  for  field 
susceptibility  to  the  following  dis¬ 
eases:  White-rust,  Albugo  Candida 
(Pers.  ex  Chev.)  Kuntze,  bacterial 
leaf  spot,  Xanthomonas  campestris 
var.  armoraciae  (McCul)  Starr  & 
Burkholder,  Cercospora  leaf  spot, 
Cercospora  armoraciae  Saec.,  Ramul- 
aria  leaf  spot,  Ramidaria  armoraciae 
Fckl.,  and  Turnip  mosaic  1,  Marmor 
brassicae. 

Results  and  Discussion 

The  30  cultivars  studied  were 
grouped  into  three  types  based  on 
certain  morphological  characteristics 
and  disease  reactions  of  mature  rad¬ 
ical  leaves.  Texture,  basal  angle  and 
length  width  ratio  of  the  leaf  blade, 
together  with  disease  susceptibility 
were  the  distinguishing  characters. 


Others  characters  including  differ¬ 
ences  in  petiole,  inflorescence,  and 
leaf  shape  helped  to  distinguish  the 
types.  Consideration  was  given  to 
combination  of  these  characters  since 
variations  occurred  within  types. 

Leaves.  The  basal  angle  of  mature 
leaf  blades,  although  difficult  to 
measure  precisely,  separates  Type 
III  from  Types  I  and  II  (Table  1). 
This  angle  is  obtuse  for  Type  III  but 
acute  for  Types  I  and  II.  The  leaf 
base  angle  is  tapered  for  Type  I  (less 
than  60°)  and  rounded  for  Type  II 
(between  60  and  90°)  (Table  I  and 
Fig.  1).  The  length/width  (L/W) 
ratio  of  the  leaf  blade  is  greatest  for 
Type  I,  intermediate  for  Type  II, 
and  least  for  Type  TIT  (Table  1). 

Leaf  texture  of  Type  III  is  dis- 
tinctly  crinkled,  and  the  leaf  mar- 
gins  are  generally  wavy  (Fig.  1). 
Type  I  has  smooth  leaves  and  Type 
II  has  smooth  to  slightly  crinkled 
leaves. 

Pinntaifid  leaves  appeared  in  Au¬ 
gust  and  September.  By  October, 
some  cultivars  of  Type  ITT  produced 
only  pinnatifid  leaves.  Cultivars  of 
Types  I  and  II  produced  fewer  pin- 


Figure  1.  Characteristic  mature  radi¬ 
cal  leaf  of  Type  III  (left),  Type  II  (cen¬ 
ter)  and  Type  I  (right)  horseradish 
plant. 
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natifid  leaves  than  Type  III,  al¬ 
though  individual  exceptions  oc¬ 
curred.  This  characteristic  has  been 
shown  by  Pound  (1949)  to  occur 
in  Type  III  at  temperatures  lower 
than  20°  C.  Other  workers  have  sug¬ 
gested  that  the  presence  of  such 
leaves  is  due  to  a  photoperiodic  re¬ 
sponse  (Endo  and  Linn,  1960)  or 
virus  infection  (Ivadow  and  Ander¬ 
son,  1940  and  Novak  and  Ylk,  1950). 
However,  Pound  (1949)  demonstrat¬ 
ed  that  changing  temperatures  af¬ 
fected  the  leaf  shape,  even  though 
100  per  cent  of  Type  III  plants  were 
infected  with  mosaic  virus. 

In  September,  mature  petioles  of 
Types  1  and  II  were  usually  solid 
and  petioles  of  Type  III  were  usu¬ 
ally  hollow  at  the  base  of  the  leaf 
blade.  In  November,  petioles  of 
Types  I  and  II  tended  to  become 
hollow  as  the  leaves  reached  sen¬ 
escence.  The  length  of  the  petiole 


within  cultivars  varied  with  location. 
Observations  on  other  leaf  character¬ 
istics  such  as  shape  and  margin  are 
shown  in  Table  2. 

Inflorescence.  Horseradish  flowers 
are  arranged  in  paniculate  racemes 
(Table  2).  The  racemes  of  Types  I 
and  II  are  uniformly  elongated  to 
form  rounded  panicles  (Fig.  2).  The 
lower  racemes  of  Type  III  tend  to 
elongate  more  than  the  terminal 
racemes,  to  give  the  inflorescence  the 
appearance  of  a  corymb  (Fig.  2). 
The  inflorescence  of  Type  III  fre¬ 
quently  failed  to  develop  and  flow¬ 
ers  aborted  before  opening.  The  in¬ 
florescence  of  Type  III  was  generally 
smaller  in  size  than  either  Type  I 
or  II.  The  cauline  leaves,  usually 
sessile,  tended  to  be  similar  in  form 
to  the  mature  radical  leaves. 

Diseases.  Although  Type  II  is  sim¬ 
ilar  to  Type  I  in  some  morphological 
respects,  suceptibility  of  Type  II  to 


Figure  2.  Characteristic  inflorescence  of  Type  I  (left)  and  Type  III  (right) 
horseradish  plant. 
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Turnip  mosaic  1  ( M armor  brassicae) 
separated  it  from  Type  I.  All  plants 
of  Types  II  and  III  surveyed  have 
been  visibly  infected  with  Turnip 
mosaic  1,  expressed  as  a  ring-spot  in 
Type  II  and  mosaic  mottling  in  Type 
III  (Table  1  and  Fig.  3).  Also,  char¬ 
acteristic  of  Turnip  mosaic  1  was 
the  formation  of  somewhat  sunken 
black  streaks  in  the  petioles  and  mid¬ 
ribs,  that  reached  the  crown  as  the 
season  progressed.  Blackening  of  the 
smaller  leaf  veins  occurred  in  some 
cultivars. 

White-rust  (Albugo  Candida  (Pers. 
ex  Cliev.)  Kuntze)  is  one  of  the 
most  prevalent  and  destructive  dis¬ 
eases  of  horseradish  (Endo  and  Linn, 
I960;  and  Kadow  and  Anderson, 
1940).  Cultivars  of  Type  I  possess 
high  resistance  to  white-rust  while 
cultivars  of  Type  III  are  very  sus¬ 
ceptible  (Table  1).  Cultivars  of  Type 
II  differed  considerably  in  resistance 
and  susceptibility  and  are  consid¬ 
ered  intermediate  between  Types  I 
and  III. 


Bacterial  leaf  spot  ( Xanthomonas 
campestris  var.  armoraciae  (McCul) 
Starr  &  Burkholder)  sometimes  is 
quite  severe.  Type  III  proved  to  be 
very  susceptible  and  the  older  leaves 
were  completely  covered  with  necrot¬ 
ic  lesions  following  cool,  rainy  weath¬ 
er.  Cultivars  of  Types  I  and  II  var¬ 
ied  from  highly  resistant  to  mod¬ 
erately  susceptible  to  bacterial  leaf 
spot.  This  disease  is  questionable  as 
a  diagnostic  character  to  identify 
types  of  horseradish. 

Cercospora  ( Cercospora  armorac¬ 
iae  Saccardo)  and  Ramularia  (Ram- 
ularia  armoraciae  Fuekel)  leaf  spot 
diseases,  generally  common  wherev¬ 
er  horseradish  is  grown,  were  not 
prevalent  or  consistent  enough  in 
these  plots  to  determine  relative  sus¬ 
ceptibility  and  resistance  of  cultivars 
within  the  three  types. 
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Figure  3.  Characteristic  virus  symptoms:  Ringspot  on  horseradish  leaf  of 
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Abstract. — A  16-year-old  plantation  of 
loblolly  pine  ( Pinus  taecla1  L.),  estab¬ 
lished  in  east-central  Illinois  from  a 
Maryland  seed  source,  is  325  miles  north 
of  its  natural  range  in  Tennessee.  This 
is  the  northernmost  plantation  of  this 
species  in  Illinois,  which  can  be  con¬ 
sidered  successful  from  the  standpoint 
of  survival,  growth,  and  hardiness.  The 
apparent  success  of  loblolly  pine  at  this 
northerly  location  suggests  a  greater 
use  of  it  for  forest  planting  in  southern 
Illinois. 

Loblolly  pine  ( Pinus  taecla  L.)  is 
an  important  commercial  timber  spe¬ 
cies  in  the  southern  United  States. 
Because  of  its  fast  growth,  its  adapt¬ 
ability  to  a  wide  variety  of  soils,  and 
its  excellent  qualities  as  a  timber 
tree,  it  has  been  used  extensively 
for  reforestation  outside  of  its  nat¬ 
ural  range.  One  of  the  earliest  plant¬ 
ings  on  record  of  loblolly  pine  in 
Illinois  wras  made  in  1932  by  the 
University  of  Illinois  at  Elizabeth¬ 
town,  Hardin  County.  In  Illinois  it 

«/ 

has  been  planted  mostly  south  of 
United  States  Highway  40  (approxi¬ 
mately  39  degrees  north  latitude)  ; 
however,  even  here  its  use  has  been 
limited  because  of  its  questionable 
hardiness. 

Minckler  (1950)  found  that  after 
one  growing  season  in  southern  Illi¬ 
nois,  trees  from  South  Carolina  and 
Mississippi  seed  sources  had  greater 
mean  heights  than  did  sources  from 
Arkansas,  North  Carolina,  Maryland, 
and  Virginia.  However,  the  trees 
from  Mississippi,  North  Carolina, 


and  South  Carolina  seed  sources 
were  severely  frost  damaged  during 
the  second  winter  after  planting 
(Minckler,  1952).  He  concluded  that 
the  trees  from  seed  collected  in  Mary- 
land  and  Virginia  were  definitely 
superior  for  planting  in  upland,  old 
fields  of  southern  Illinois.  At  age 
10  trees  from  a  Maryland  seed  source 
had  the  greatest  mean  diameter, 
mean  height,  and  basal  area  per  acre 
(Woerheide,  1959). 

This  study  reports  on  the  survival 
and  growth  of  a  16-year-old  planta¬ 
tion  of  loblolly  pine  at  the  Rob¬ 
ert  Allerton  Park  in  east-central 
Illinois  (Lat.  40°  05'  N.,  Long. 
88°  40'  W.). 

Description  of  Plantation 

The  Allerton  plantation  in  Piatt 
County  was  established  April  1948 
with  one-year-old  seedlings  from  a 
Maryland  seed  source.  Approximate¬ 
ly  1,200  trees  were  planted  on  one 
acre.  This  is  the  most  northerly 
plantation  of  loblolly  pine  in  Illinois 
with  sufficient  survival  to  exhibit 
normal  stocking.  The  nearest  native 
loblolly  pine  is  325  miles  south  in 

Tennessee.  The  soil  is  classified  by 

«/ 

the  Illinois  Soil  Survey  as  Sunbury 
silt  loam  (No.  234).  This  is  a  gray¬ 
ish-brown  silt  loam  which  is  a  trans¬ 
ition  between  Gray-Brown  Podzolic 

«/ 

forest  soils  and  Brnnizem  soils.  It 
has  moderate  surface  drainage. 
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Climatic  Factors 

The  mid-continental  location  and 
latitude  of  Illinois  result  in  hot  sum¬ 
mers  and  cool  to  cold  winters,  often 
with  rapidly  fluctuating  tempera¬ 
tures.  Piatt  County  has  approximate¬ 
ly  175  frost-free  days  and  37  inches 
of  annual  rainfall  with  good  distrib¬ 
ution  during  the  growing  season 
(Page,  1949).  January  is  usually  the 
coldest  month  of  the  year.  Average 
monthly  temperatures  fall  below  32° 
F.  for  December,  January,  and  Feb¬ 
ruary.  Minimum  temperatures  re¬ 
corded  by  the  Weather  Bureau 
(1948-1963)  for  Urbana,  which  lies 
25  miles  to  the  east,  are  listed  in 
Table  1.  According  to  these  data, 
the  plantation  withstood  a  low  tem¬ 
perature  of  approximately  —15°  F., 
during  the  winter  following  its  third 
growing  season,  without  serious  in¬ 
jury. 

The  Allerton  plantation  was  sub¬ 
jected  to  a  severe  ice  storm  during 
the  period  of  January  19  through 
21,  1959,  when  it  was  11  years  old. 
Ice  accumulated  on  the  twigs  and 

Table  1. — Minimum  Temperatures  Re¬ 
corded  at  Urbana,  Illinois,  During  the 
Years  1948  Through  1963  by  the  Weather 
Bureau. 


Dec. 

22,  1948 

4° 

F. 

Jan. 

30,  1949 

—3° 

F. 

Nov. 

25,  1950 

—5° 

F. 

Feb. 

2,  1951 

—18° 

F. 

Jan. 

29,  1952 

2° 

F. 

Dec. 

17,  1953 

1° 

F. 

Jan. 

17,  1954 

— 1° 

F. 

Feb. 

11,  1955 

—9° 

F. 

Jan. 

23,  1956 

1° 

F. 

Jan. 

14,  1957 

—6° 

F. 

Dec. 

9,  1958 

—6° 

F. 

Jan. 

5,  1959 

—9° 

F. 

Dec. 

23,  1960 

—11° 

F. 

Jan. 

28,  1961 

—5° 

F. 

Jan. 

10,  1962 

—10° 

F. 

Jan. 

23,  1963 

—14° 

F. 

branches  to  a  thickness  of  one-half 
to  one  inch.  State  Climatologist  Both¬ 
er  A.  Joos  labeled  this  storm  as  the 
worst  recorded  for  east-central  Illi¬ 
nois  during  the  preceding  50  years. 
The  tops  of  30  per  cent  of  the  trees 
in  the  Allerton  plantation  were 
broken  by  the  weight  of  the  accumu¬ 
lated  ice.  No  appreciable  ice  dam¬ 
age  occurred  in  the  adjacent  planta¬ 
tions  of  jack,  red,  and  white  pines. 
The  greater  susceptibility  of  loblolly 
pine  to  cold  weather  and  glaze  dam¬ 
age,  compared  to  other  conifers  in 
southern  Illinois  plantations,  was  de¬ 
scribed  by  Boggess  and  McMillan 
(1954). 

Growth 

The  early  survival  and  growth  of 
loblolly  pine  at  Allerton  Park  are 
remarkable,  considering  its  norther¬ 
ly  location.  Survival  and  height  data 
are  given  in  Table  2.  The  excellent 
growth  of  this  species  of  pine  is 
best  shown  by  comparing  it  with 
the  growth  of  five  other  species  on 
comparable  sites  in  the  same  field. 
Loblolly  pine,  at  age  16,  had  the 
greatest  diameter  and  height  growth 
as  shown  in  Table  3.  A  stand  and 
stock  table  is  presented  for  the  plan¬ 
tation  in  Table  4.  The  mean  height 

Table  2. — Average  Height  and  Percent 
Survival  of  Loblolly  Pine  at  the  Robert 
Allerton  Park. 


Plantation 
age,  years 

Average  height, 
ft. 

Survival, 

percent 

1 

0.9 

98 

2 

2.3 

96 

3 

4.0 

92 

4 

5.7 

88 

5 

8.3 

87 

10 

24.9 

86 

16 

37.3 

73 

Loblolly  Pine  in  Illinois 


125 


of  the  dominant  and  codominant 
trees  of  39  feet,  at  age  16,  corres¬ 
ponds  to  a  site  index  of  50  at  age 
25,  according  to  site  index  curves  de¬ 
veloped  by  Gilmore  and  Metcalf 
(1961)  for  plantation  loblolly  pine 
in  southern  Illinois. 

Discussion 

There  are  750,000  acres  in  the 
southernmost  16  Illinois  counties  in 
need  of  reforestation  (Spaeth,  1948). 
Most  of  the  area  would  be  highly 
productive  if  planted  to  pine.  The 
growth  performance  of  the  rather 
frequently  planted  shortleaf  pine 
( Pinus  echinata)  in  southern  Illinois 
has  been  generally  poor  and  below 


that  of  loblolly  pine.  Boggess  and 
Gilmore  (1963)  have  confirmed  the 
superior  growth  of  loblolly  pine  over 
that  of  shortleaf  pine  in  southern 
Illinois. 

Conclusions 

The  loblolly  pine  plantation  at  the 
Robert  Allerton  Park  in  east-central 
Illinois  is  the  northernmost  planta¬ 
tion  of  this  species  in  Illinois  which 
can  be  considered  successful  from 
the  standpoint  of  survival,  growth 
and  hardiness.  An  interest  has  been 
shown  in  the  plantation  for  breeding 
purposes  and  as  a  possible  seed  source 
for  the  production  of  hardy  planting 
stock.  Efforts  to  establish  plantations 


Table  3. — Diameter  and  Height  of  Loblolly  and  Other  Species  of  Pine  at  the 
Robert  Allerton  Park,  Age  16  Years. 


Species 

Average 
diameter 
breast 
high,  in. 

Average 

height, 

ft. 

Red  pine  (P.  resinosa  Ait.) 

4.7 

23 

Jack  pine  (P.  banksiana  Lamb.) 

3.7 

24 

Shortleaf  pine  (P.  echinata  Mill.) 

4.8 

28 

E.  white  pine  (P.  strobus  L.) 

5.0 

29 

Virginia  pine  (P.  virginiana  Mill.) 

5.1 

31 

Loblolly  pine  (P.  taeda  L.) 

5.4 

37 

Table  4. — A  Stand  Table  for  Loblolly  Pine,  Robert  Allerton  Park,  Plantation  Age 
16  Years. 


Diameter,  breast  high, 
in. 

Trees  per 
acre,  no. 

Basal  area 
per  acre, 
sq.  ft. 

Curved 

height, 

ft. 

Total  peeled 
volume 
per  acre 
(.0024D2H), 
cu.  ft. 

3 . 

7 

0.4 

29 

4 . 

141 

13.7 

34 

185 

5 . 

355 

49.6 

37 

791 

6 . 

289 

57.1 

39 

978 

7 . 

59 

15.1 

39 

272 

8 . 

7 

2.2 

40 

43 

858 

138.1 

2,273 
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of  loblolly  pine  from  Arkansas  seed 
sources  at  Urbana  during  the  years 
1952,  1953,  and  1955  and  at  Allerton 
Park  in  1962  failed  because  of  win¬ 
ter  injury.  The  apparent  success  of 
the  16-year-old  plantation  of  loblolly 
pine,  established  at  Allerton  Park 
from  a  Maryland  seed  source,  does 
not  justify  its  use  for  forest  plant¬ 
ing  in  central  Illinois.  Nevertheless, 
the  excellent  growth  and  hardiness 
qualities  exhibited  by  this  plantation 
would  certainly  indicate  a  greater 
use  of  this  species  for  forest  planting 
in  southern  Illinois. 
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CHANGES  IN  DISTRIBUTION  AND  ABUNDANCE  OF 
PHEASANTS  IN  ILLINOIS:  1958  VERSUS  1963 
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Abstract. — The  relative  abundance  of 
pheasants  in  April,  as  reported  by  rural 
mail  carriers  in  the  74  northernmost 
counties  of  Illinois,  increased  from  7.8 
birds  per  100  miles  of  driving  in  1958  to 
9.9  birds  per  100  miles  in  1963,  or  27 
per  cent.  In  both  censuses,  pheasants 
were  most  abundant  in  east-central  Illi¬ 
nois.  Gains  in  pheasant  abundance  be¬ 
tween  1958  and  1963  occurred  in  east- 
central  Illinois  and  immediately  south- 
westward;  significant  decreases  in 
pheasant  abundance  occurred  in  the 
northern  and  northwestern  portions  of 
the  state. 

A  prerequisite  to  intelligent  man¬ 
agement  of  the  ring-necked  pheasant 
( Phasianus  colchicus)  is  a  knowledge 
of  changes  in  patterns  of  distribu¬ 
tion  and  abundance  of  its  popula¬ 
tions.  This  exotic  game  bird,  intro¬ 
duced  into  Illinois  in  the  1890’s 
(Robertson  1958,  p.  3),  has  succeed¬ 
ed  in  establishing  self-maintaining 
populations  in  approximately  the 
northeastern  third  of  the  state.  Its 
center  of  abundance,  since  the  mid- 
1930 ’s,  has  been  in  the  intensively 
cultivated  cash-grain  areas  of  east- 
central  Illinois  (Greeley,  Labisky, 
and  Mann  1962,  pp.  13-16).  The 
pheasant  was  first  hunted  legally  in 
Illinois  in  1915  (Robertson  1958,  p. 
6),  and  has  since  become  an  import¬ 
ant  game  species.  The  fall  harvest  of 
cocks  by  hunters  averaged  835,000 
annually  from  1956  through  1963 
(William  L.  Preno,  Illinois  Depart¬ 
ment  of  Conservation,  personal  com¬ 
munication,  August  30,  1964). 


This  paper  discusses  the  distribu¬ 
tion  and  abundance  of  pheasants  in 
Illinois  as  reported  by  rural  mail 
carriers  during  a  census  in  April, 
1958,  and  in  April,  1963.  The  re¬ 
sults  of  the  1958  census  of  pheasants 
were  presented,  in  part,  in  an  earlier 
publication  (Greeley,  et  al.  1962). 

Methods 

The  pheasant  census  data  reported 
in  this  paper  were  collected  by  rural 
mail  carriers  who  counted  pheasants 
that  they  observed  along  their  routes 
during  the  5-day  periods  of  April  21- 
25,  1958,  and  April  22-26,  1963.  A 
detailed  description  and  evaluation 
of  the  rural  mail  carrier  method  of 
censusing  pheasants  in  Illinois  was 
published  by  Greeley,  et  al.  (1962, 
pp.  3-5).  The  censuses  were  conduct¬ 
ed  in  April  because  Greeley,  et  al. 
(1962,  p.  5)  reported:  “The  condi¬ 
tions  for  observing  pheasants  are 
probably  more  nearly  constant  from 
year  to  year  in  April  than  in  any 
other  month.  April,  therefore,  may 
be  the  best  time  to  use  rural  mail 
carrier  censuses  for  obtaining  annual 
indices  of  pheasant  abundance.” 

The  census  of  pheasants  was  con¬ 
ducted  in  74  of  Illinois’  102  counties 
in  both  1958  and  1963.  Greeley,  et 
al.  (1962,  p.  14)  had  previously 
classified  a  contiguous  block  of  28 
counties  in  southern  Illinois  as  non- 
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pheasant  range  because  no  pheasants 
were  observed  in  these  counties  dur¬ 
ing  a  February,  1957,  census  by 
rural  mail  carriers. 

In  1958  and  1963,  questionnaires 
(postcards),  with  letters  of  instruc¬ 
tion,  were  mailed  to  postmasters  of 
all  post  offices  having  rural  routes 
in  the  74  counties  to  be  censused. 
Each  postmaster  was  requested  to 
distribute  the  postcard  question¬ 
naires,  and  the  instructions,  to  the 
rural  mail  carriers  operating  from 
his  post  office.  The  mail  carriers  were 
asked  to  report  the  counties  and 
political  townships  in  which  their 
routes  were  located,  the  length  of 
their  routes  in  miles,  and  the  num¬ 
bers  of  pheasants  (cocks  and  hens) 
observed  along  the  routes  on  each  of 
the  5  consecutive  days  specified  in 
the  instructions. 

If  the  route  of  a  mail  carrier  ex¬ 
tended  into  two  or  more  townships, 
the  number  of  pheasants  observed 
was  divided  equally  among  all  the 
townships  reported  on  his  question¬ 
naire.  The  number  of  miles  driven 
and  the  number  of  pheasants  seen 
during  the  5-day  census  period  were 
used  to  calculate  the  number  of 
pheasants  observed  per  100  miles  of 
driving  in  each  township  and  each 
county. 

Findings 

The  voluntary  participation  by 
rural  mail  carriers  in  the  April, 
1963,  census  of  pheasants  was  con¬ 
siderably  greater  than  in  any  of  six 
pheasant  censuses  conducted  in  Illi¬ 
nois  during  1957  and  1958  (Greeley, 
et  al.  1962,  p.  5).  Of  the  1,320  ques¬ 
tionnaires  distributed  to  rural  mail 
carriers  via  their  postmasters  in 


April,  1963,  1,202  (91  per  cent)  were 
returned;  1,150  (87  per  cent)  of  the 
1,320  contained  usable  data. 

The  relative  abundance  of  pheas¬ 
ants  in  the  74  northernmost  counties 
of  Illinois  increased  from  7.8  pheas¬ 
ants  per  100  miles  of  driving  in 
April,  1958,  to  9.9  pheasants  per 
100  miles  in  April,  1963,  an  overall 
increase  of  27  per  cent  (Table  1)  ; 
however,  proportionate  increases  did 
not  occur  rangewide  (Table  2). 

Pheasants  increased  in  abundance 
between  1958  and  1963  in  the  coun¬ 
ties  of  east-central  Illinois,  which 
have  harbored  the  state’s  major  cen¬ 
ter  of  pheasant  abundance  for  the 
past  30  years,  and  in  the  counties 
immediately  south  -  southwestward 
(Fig.  1  and  2).  In  April,  1958,  the 
10  counties  of  the  state  in  which 
pheasants  were  most  abundant  were, 
in  descending  order  of  abundance 
(Table  2)  :  Livingston,  Ford,  Iro¬ 
quois,  McLean,  Champaign,  Vermil¬ 
ion,  Woodford,  Kankakee,  Marshall, 
and  Grundy.  Correspondingly,  in 
April,  1963,  the  10  top-ranked  coun¬ 
ties  included  Livingston,  Ford,  Iro¬ 
quois,  McLean,  Champaign,  Piatt, 
Woodford,  Kankakee,  Putnam,  and 
Grundy ;  all  of  these  counties  showed 
increases  in  abundance  between  1958 
and  1963  (Table  2).  The  east-central 
counties  of  Livingston,  Ford,  Iro¬ 
quois,  McLean,  and  Champaign,  in 
that  order,  occupied  positions  one  to 
five  with  respect  to  relative  abun¬ 
dance  of  pheasants  by  counties  in 
both  1958  and  1963.  These  five 
counties  accounted  for  56  per  cent 
of  all  pheasants  reported  in  April, 
1958,  and  68  per  cent  of  all  pheas¬ 
ants  reported  in  April,  1963.  In 
both  censuses,  pheasants  were  most 
abundant  in  Livingston  County,  in 
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Table  1. — Comparison  of  Miles  Driven  and  Adult  Pheasants  Reported  by  Rural 
Mail  Carriers  From  74  Counties  of  Illinois  in  April,  1958  and  1963. 


Category 

April,  1958 

April,  1963 

Miles  Driven . 

250,917 

318,605 

Cocks  Observed . 

10,289 

17,225 

Hens  Observed . 

9,277 

14,466 

Total  Pheasants  Observed . 

19,566 

31,691 

Sex  Ratio:  Hens  Per  Cock . 

0.9 

0.8 

Cocks  Per  100  Miles . 

4.1 

5.4 

Hens  Per  100  Miles . 

3.7 

4.5 

Total  Pheasants  Per  100  Miles . 

7.8 

9.9 

Table  2. — Comparison  of  Statistics  of  Pheasant  Abundance,  by  County,  as  Re¬ 
ported  by  Rural  Mail  Carriers  of  Illinois  during  April,  1958  and  1963.  Seventy-four 
of  Illinois’  102  Counties  were  Censused;  28  Counties  of  Southern  Illinois  had  been 
Previously  Classified  as  Non-pheasant  Range. 


County  Rank 

Total  Pheasants 
Reported 

Pheasants  per 
100  Miles 

Percentage 

County 

1958 

1963 

April 

1958 

April 

1963 

April 

1958 

April 

1963 

Difference: 
1958  to 
19631 

Livingston . 

1 

1 

3 

,634 

8, 181 

56.4 

99.1 

+ 

76* 

Ford . 

2 

2 

1 

,569 

2,696 

50.7 

75.8 

+ 

50* 

Iroquois . 

3 

3 

1 

,991 

3,674 

28.9 

43.4 

+ 

50* 

McLean . 

4 

4 

2 

,071 

3,867 

27.7 

43.1 

+ 

56* 

Champaign . 

5 

5 

1 

,641 

3,018 

25.7 

35.6 

+ 

39* 

Piatt . 

12 

6 

305 

986 

11.8 

34.6 

+ 

193* 

Woodford . 

7 

7 

717 

852 

15.6 

21.8 

+ 

40* 

Kankakee . 

8 

8 

706 

973 

15.3 

19.7 

+ 

29* 

Putnam . 

13 

9 

81 

131 

10.8 

19.1 

+ 

77* 

Grundv . 

10 

10 

323 

429 

12.5 

17.7 

+ 

42* 

De  Witt . 

19 

11 

190 

547 

6.5 

16.1 

+ 

148* 

Marshall . 

9 

12 

328 

395 

14.6 

15.0 

+ 

3  ns 

Douglas . 

15 

13 

204 

487 

8.7 

14.3 

+ 

64* 

La  Salle . 

11 

14 

873 

1,233 

12.4 

13.8 

+ 

11* 

Moultrie . 

37 

15 

27 

301 

1.4 

11.3 

+ 

707* 

Vermilion . 

6 

16 

966 

728 

17.3 

11.1 

— 

36* 

Logan . 

16 

17 

305 

344 

8.3 

9.7 

+ 

17* 

Tazewell . 

21 

18 

284 

343 

6.1 

8.5 

+ 

39* 

Macon . 

42 

19 

27 

326 

0.7 

6.6 

+ 

843* 

Mason . 

30 

20 

66 

148 

2.7 

5.4 

+ 

100* 

De  Kalb . 

14 

21 

367 

261 

10.4 

5.2 

— 

50* 

Kendall . 

17 

22 

134 

131 

7.4 

4.8 

— 

35* 

Du  Page . 

25 

23 

93 

117 

4.9 

4.3 

— 

12  ns 

Edgar . 

24 

24 

190 

214 

5.0 

4.2 

— 

16* 

McHenry . 

18 

25 

280 

200 

7.0 

3 . 9 

— 

44* 

Lee . 

20 

26 

243 

147 

6.2 

3.1 

— 

50* 

Will . 

26 

27 

208 

179 

4.6 

3.0 

— 

35* 

Kane . 

28 

28 

116 

98 

3.6 

2.7 

25* 
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County 

County  Rank 

Total  Pheasants 
Reported 

Pheasants  per 
100  Miles 

Percentage 
Difference: 
1958  to 
19631 

1958 

1963 

April 

1958 

April 

1963 

April 

1958 

April 

1963 

Coles . 

31 

29 

60 

86 

2.0 

2.3 

+  1 5  ns 

Cook . 

29 

30 

92 

61 

2.8 

1.6 

43* 

Lake . 

32 

31 

60 

66 

2.0 

1.2 

—  40* 

Christian . 

52 

32 

9 

67 

0.2 

1.2 

+  500* 

Carroll . 

33 

33 

40 

39 

1.9 

1 . 1 

—  42* 

Menard . 

43 

34 

8 

18 

0.6 

1.0 

+  67  nv 

Boone . 

23 

35 

112 

21 

5.1 

1  .0 

80* 

Cass . 

53 

36 

4 

18 

0.2 

0.8 

+  300  nv 

Winnebago . 

36 

37 

46 

22 

1.5 

0.6 

60* 

Sangamon . 

47 

38 

17 

43 

0.3 

0.6 

+  100* 

Shelby . 

54 

39 

11 

35 

0.2 

0.5 

+  150* 

Stark  . 

27 

40 

63 

9 

4.2 

0.5 

88* 

Ogle . 

35 

41 

76 

26 

1.5 

0.5 

67  ns 

Bureau . 

38 

42 

66 

28 

1  .3 

0.5 

62* 

Mercer . 

55 

43 

2 

15 

0.1 

0.5 

+  400  nv 

Stephenson . 

22 

44 

201 

18 

5.4 

0.3 

94* 

.Jo  Daviess . 

39 

45 

37 

15 

1.2 

0.3 

75* 

Henry . 

34 

46 

88 

19 

1.8 

0.3 

83* 

Whiteside . 

48 

47 

15 

13 

0.3 

0.3 

0  ns 

Morgan . 

57 

48 

2 

5 

0.1 

0.2 

+  100  nv 

Peoria . 

46 

49 

16 

6 

0.4 

0.1 

75* 

Jasper . 

40 

50 

33 

4 

1.0 

0.1 

90* 

('lark . 

56 

51 

3 

5 

0.1 

0.1 

0  nv 

Rock  Island . 

59 

52 

3 

2 

0.1 

0.1 

0  nv 

Greene . 

58 

53 

2 

3 

0.1 

0.1 

0  nv 

Montgomery .... 

60 

54 

3 

4 

0.1 

0.1 

0  nv 

Warren . 

49 

55 

9 

3 

0.3 

0.1 

67* 

Effingham . 

41 

56 

4 

2 

0.3 

0.1 

67* 

Knox . 

62 

57 

2 

3 

0.0  + 

0.1 

nv 

Cumberland . 

50 

58 

6 

2 

0.3 

0.1 

67  nv 

Macoupin2 . 

59 

0 

1 

0.0 

0.0  + 

11V 

Jersey . 

60 

0 

1 

0.0 

0.0  + 

nv 

Richland- 

Madison3 

61 

0 

1 

0  0 

0  0  + 

Crawford 

o 

0 

0.0 

0  0 

0 

Clay . 

51 

5 

0 

0.3 

0  0 

—  100  nv 

Fayette . 

61 

4 

0 

0.1 

0 . 0 

—  100  nv 

Bond . 

0 

0 

0.0 

0  0 

0 

Pike. 

63 

1 

0 

0.0  + 

0  0 

0  nv 

Scott . 

0 

0 

0  0 

0  0 

0 

Brown . 

0 

0 

0.0 

0.0 

0 

Adams . 

0 

0 

0.0 

0.0 

0 

Hancock .  .  . 

0 

0 

0.0 

0  0 

0 

Schuyler . 

0 

0 

0.0 

0.0 

0 

McDonough  .  . 

44 

19 

0 

0.6 

0.0 

100* 

Henderson . 

45 

10 

0 

0  5 

0  0 

100  nv 

Fulton . 

64 

1 

0 

0.0  + 

0.0 

0  nv 

1  The  difference  in  the  abundance  of  pheasants  per  100  miles  of  driving  between  1958 
and  1963  in  each  county  was  tested  for  statistical  significance  by  conventional  Chi-square 
analysis.  *  indicates  significance  at  the  0.05  level  ;  ns  indicates  no  significance  at  the  0.05 
level  ;  and  nv  indicates  that  the  test  was  not  valid  because  minimum  expected  values  were 
10  or  less. 

2  No  rank  assigned  to  counties  from  which  pheasants  were  absent. 

3  Madison  County  substituted  for  Richland  County  in  1963  census. 
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Figure  1. — Distribution  and  abundance  of  pheasants  in  Illinois  as  mapped  from 
data  (township)  obtained  through  a  rural  mail  carrier  census,  April,  1958.  This 
map  modified  from  Greeley,  et  al.  (1962,  p.  9).  Counties  below  the  heavy  line  were 
not  censused. 
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Figure  2.  Distribution  and  abundance  of  pheasants  in  Illinois  as  mapped  from 
data  (township)  obtained  through  a  rural  mail  carrier  census,  April,  1963.  Counties 
below  the  heavy  line  were  not  censused. 
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which  56.4  and  99.1  birds  were  ob¬ 
served  per  100  miles  of  driving  in 
1958  and  1963. 

Perhaps  the  most  interesting  and 
notable  increase  in  the  abundance  of 
pheasants  in  Illinois  between  1958 
and  1963  occurred  in  the  contignons 
block  of  counties  including  Piatt, 
De  Witt,  Moultrie,  and  Macon,  which 
lie  immediately  south  of  McLean 

e/ 

County  and  southwest  of  Champaign 
County  (Table  2  and  Fig.  2).  The 
number  of  pheasants  observed  in 
these  four  counties  nearly  quad¬ 
rupled  between  1958  and  1963. 

Pheasants  declined  in  abundance 
throughout  northern  and  northwest¬ 
ern  Illinois  between  1958  and  1963 
(Fig.  1  and  2)  ;  these  regions  were 
characterized  bv  secondary  centers 
of  abundance  in  the  late  1940 ’s 
(Greeley,  et  al.  1962,  p.  16).  The 
most  notable  decreases  in  abundance 
occurred  in  Stephenson,  Boone,  Jo 
Daviess,  McHenry,  De  Kalb,  Lee, 
Winnebago,  and  Kendall  counties; 
less  than  1  pheasant  per  100  miles 
was  reported  from  several  of  these 
counties  in  April,  1963  (Table  2). 

The  abundance  of  pheasants  along 
the  southern  and  southwestern  fringe 
of  the  contiguous  pheasant  range  in 
Illinois  declined  or  remained  un¬ 
changed  between  1958  and  1963, 
which  indicated  that  the  bird  had 
not  spread  southward  or  westward 
into  unoccupied  range.  Pheasants 
observed  in  this  marginal  portion  of 
the  Illinois  range  numbered  less  than 
1  pheasant  per  100  miles  in  1958  and 
1963. 

Discussion 

Major  changes  in  the  abundance  of 
pheasants  within  their  range  are  not 
uncommon.  One  of  the  most  spec¬ 


tacular  shifts  in  pheasant  abundance 
occurred  in  the  plains  and  prairie 
states  (North  Dakota,  South  Dakota, 
Nebraska,  Minnesota,  and  Iowa)  dur¬ 
ing  the  1940’s  (Kimball,  Kozicky, 
and  Nelson  1956,  pp.  207-212). 
These  population  shifts  centered 
about  a  nucleus  of  abundance  located 
in  eastern  South  Dakota ;  gains  and 
losses  in  abundance  occurred  both 
east  and  west  of  this  nucleus. 

In  Illinois,  the  major  center  of 
pheasant  abundance  has  been  locat¬ 
ed  in  the  east-central  sector  of  the 
state  since  the  bird  established  itself 
there  in  the  mid-1930’s  (Greeley,  et 
al.  1962,  pp.  13-16).  In  the  late 
1940’s  and  earlv  1950 ’s,  secondary 
centers  of  abundance  were  to  be 
found  in  sectors  of  northern  Illinois; 
these  secondary  centers  no  longer 
existed  by  1963.  Whereas  abundance 
declined  in  northern  Illinois  after 
the  early  1950 ’s,  remarkable  in¬ 
creases  in  abundance  occurred  south 
and  southwest  of  the  east-central 
center  of  abundance  during  the  late 
1950 ’s  and  early  1960 's.  Thus,  in 
Illinois,  population  shifts  have  cen¬ 
tered  about  the  nucleus  of  pheasant 
abundance  in  east-central  Illinois. 

The  causes  for  major  shifts  in  the 
abundance  of  pheasants  within  their 
range  are  not  well  understood.  In 
Illinois,  the  increase  in  the  abun¬ 
dance  of  pheasants  in  Ford  County, 
in  the  east-central  sector  of  the  state, 
during  the  late  1950 ’s  and  early 
1960 ’s  was  attributed  partially  to 
increased  survival  of  hens  and  not 
to  increased  production  of  young 
by  individual  hens  (Ronald  F.  Labis- 
ky,  Illinois  Natural  History  Survey, 
unpublished  data).  Similar  ecologi¬ 
cal  data  for  other  portions  of  the 
Illinois  pheasant  range  are  not  avail- 
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able.  Kimball,  et  al.  (1956,  p.  212) 
concluded  that  “environ m  e  n  t  a  1 
changes  appear  to  have  been  an  im¬ 
portant  factor  in  bringing  about  the 
pheasant  population  fluctuations  and 
shifts  in  the  plains  and  prairie  pheas¬ 
ant  island ;  but  some  other  factor  or 
factors  also  appear  to  have  exerted 
an  influence.” 

Whether  population  shifts  among 
pheasants  are  caused  solely  by  the 
cumulative  effects  of  so-called  normal 
annual  fluctuations  is  questionable. 
The  suddenness  and  magnitude  of 
major  changes  in  the  abundance  of 
pheasants  within  their  range  cer¬ 
tainly  can  not  be  explained  fully 
by  our  present  knowledge  of  ac¬ 
companying  changes  in  the  environ¬ 
mental  complex. 

In  Illinois,  rural  mail  carrier  cen¬ 
suses  of  pheasants  will  be  conducted 
at  intervals  of  5  years,  if  possible, 
to  determine  changes  in  the  distri¬ 
bution  and  abundance  of  this  bird. 
Such  periodic  censuses  of  pheasants 
over  a  span  of  many  years  may  en¬ 
able  ecologists  to  define  not  only  the 
specific  patterns  in  the  temporal  and 
spatial  dispersion  of  this  species  but 
also  the  mechanisms  underlying  such 
population  shifts. 

Potential  Problems 

More  pheasants  were  present  in 
Illinois  in  1963  than  in  1958,  but 
they  were  confined  to  a  smaller  por¬ 
tion  of  the  state.  The  concentration 
of  pheasants  in  east-central  Illinois 
will  probably  begin  to  attract  pro¬ 
portionately  more  hunters  than  in 
past  years  when  other  portions  of 
the  state  also  offered  good  pheasant 
hunting.  If  this  pattern  of  high 


density  pheasant  populations  on  a 
restricted  land  area  persists  or  be¬ 
comes  exaggerated  in  future  years, 
conflicts  between  Illinois  pheasant 
hunters  and  landowners  in  this  re¬ 
gion  of  high  pheasant  abundance 
could  evolve. 
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Abstract. — The  distribution  of  -SH 
groups  in  the  cellular  components  of 
the  cleidoic  grasshopper  eggs  and  the 
increment  of  these  chemical  groups  dur¬ 
ing  embryogenesis  has  been  determined 
using  amperometric  methods.  The  great¬ 
est  concentration  of  the  -SH  groups 
was  found  in  the  microsome  portion  of 
the  egg;  this  is  in  accord  with  other 
work  which  indicates  that  these  sub- 
cellular  particles  are  sites  of  bioorganic 
synthesis.  A  noted  increase  of  -SH 
groups  was  observed  when  various  rea¬ 
gents  such  as  sodium  borohydride, 
guanidine  hydrochloride  and  Dupinol 
P.C.  were  used  to  break  disulfide  and 
hydrogen  bonding. 

Although  the  existence  of  the  sulf¬ 
hydryl  group,  sometimes  called  the 
mercaptan  or  thiol  group,  has  been 
known  for  considerable  time,  only 
recently  has  the  universal  impor¬ 
tance  of  the  group  in  compounds 
come  to  be  recognized.  Since  the  dis¬ 
covery  of  this  active  group,  its  uni¬ 
versal  distribution  in  animal  tissue 
has  been  clearly  established.  It  is 
known  that  a  large  number  of  en¬ 
zymes  necessary  for  protein  synthe¬ 
sis  and  metabolism  depend  on  the 
presence  of  this  -SH  group  for  ac¬ 
tivity  as  proved  by  Barron  and  Seki 
(1952).  The  sulfhydryl  group  can 
be  reacted  by  oxidation  to  form  the 
disulfide  group  (-S-S-),  or  possibly 
by  hydrogen  bonding  as  postulated 
bvMazia  (1956). 

In  recent  years  extensive  research 
has  been  done  to  discover  the  role  of 
the  -SH  group  in  cell  production, 
enzyme  activity,  clotting  of  blood, 
protein  denaturation  and  many  other 
physiological  activities.  It  has  been 


known  for  some  time  that  the  -SH 
group  is  present  in  compounds 
known  as  the  papinases  or  sulfyhdryl 
enzymes.  These  enzymes  are  acti¬ 
vated  by  certain  reducing  agents 
and  inactivated  by  aeration  or  other 
mild  oxidation  treatment.  Whether 
these  activating  agents  remove  metal 
inhibitors  or  simply  reduce  the 
-S-S-  to  -SH  is  apparently  not 
settled.  It  is  customary  to  speak  of 
free  sulfhydryl  groups  and  bound 
groups.  Whether  these  bound  groups 
are  hydrogen  bonded  or  disulfide 
forms  is  not  settled  and  there  is  con¬ 
siderable  evidence  that  possibly  both 
exist  at  the  same  time. 

The  purpose  of  this  investigation 
has  been  a  quantitative  distribution 
study  of  the  sulfhydryl  groups  in 
cellular  components  using  the  clei¬ 
doic  eggs  of  the  grasshopper,  Melano- 
plus  different ialis  as  living  material. 
Bodine  (1929),  (1932),  Bodine  et  al. 
(1940),  and  Norman  (1954),  have 
shown  that  the  sulfhydryl  content 
increases  after  the  egg  is  laid  until 
it  reaches  the  diapause  stage. 

An  attempt  has  been  made  to 
study  the  increase  in  the  sulfhydryl 
content  by  treatment  of  the  so-called 
bound  groups  of  the  egg  with  the 
reagent  sodium  borohydride  to  re¬ 
duce  the  -S-S-  linkage.  Other  re¬ 
agents,  such  as  guanidine  hydrochlo¬ 
ride.  Dupinol  P.C.  (a  detergent)  and 
urea  have  been  studied.  These  are 
not  strong  enough  to  break  the  di¬ 
sulfide  linkage  but  apparently  exer- 
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cise  a  physical  swelling  effect  to  free 
the  sulfhydryl  groups  bround  by 
hydrogen  bonding  according  to  the 
postulations  of  Mazia  (1956)  and 
Boell  (1935)  working  independently. 

Materials  and  Methods 

Grasshopper  embryos  of  known 
age  and  temperature  history  were 
used.  Samples  containing  100  em¬ 
bryos  per  determination  were  ho¬ 
mogenized  in  the  cold  for  ten  min¬ 
utes,  then  transferred  to  an  ordinary 
250  ml.  beaker  for  titration.  A  titra¬ 
tion  medium  consisting  of  ethanol, 
ammonium  hydroxide,  ammonium 
nitrate  and  Versene  was  used.  The 
resulting  pH  of  this  medium  was 
determined  with  a  Beckman  pH 
meter  to  be  8.54.  Embryos  were  ti¬ 
trated  with  silver  nitrate,  5  x  10-4  M. 

Samples  of  embryos  and  yolk  were 
placed  in  a  refrigerated  centrifuge 
and  centrifuged  at  speeds  of  62,500 
rpm  to  separate  the  nuclei,  200,000 
rpm  to  separate  mitochondria  or 
large  particles,  and  370,000  rpm  to 
separate  the  microsomes  or  small 
granules.  Samples  to  give  the  quan¬ 
tity  equivalent  of  100  embryos  and 
yolk  were  taken  for  determination 
and  titration  with  silver  nitrate. 
Another  sample  of  100  embryos  and 
yolks  were  treated  for  30  minutes 
with  15  mg  of  sodium  borohvdride 
and  similar  titrations  were  run  after 
centrifugation.  Other  samples  of 
like  size  were  treated  with  80% 
guanidine  hydrochloride,  with  satur¬ 
ated  urea  solution,  and  saturated 
Dupinol  P.C.  for  30  minutes,  then 
titrated  after  centrifugation. 

Amperometric  Titration  Method. — 
In  this  particular  study  the  ampero- 
metric  method  for  determination  of 
-SH  groups,  first  described  by  Ivol- 


tlioff  and  Harris  (1946)  and  later 
modified  by  Benesch  and  Benesch 
(1950)  for  living  material  was  used. 
This  method  is  sensitive,  highly  spe¬ 
cific,  and  not  interfered  with  by 
any  of  the  common  amino  acids, 
purines,  pyrimidines,  cozvmase  or 
ascorbic  acid.  A  rotating  platinum 
electrode,  perfected  by  Wald  and 
Brown  (1952)  for  this  type  of  ap¬ 
paratus  was  used.  This  method  of 
titration  is  simple,  as  no  E.M.F. 
need  be  applied  to  the  cell  which 
consists  of  an  indicating  and  refer¬ 
ence  electrode.  The  current  which 
flows  through  the  cell  during  titra¬ 
tion  is  read  on  a  microammeter. 

The  rotating  platinum  electrode 
used  was  about  6  mm  long  and  sealed 
in  a  6  mm  diameter  soft  glass  tube. 
This  electrode  was  rotated  at  600 
rpm  by  a  synchronous  motor.  Elec¬ 
trical  contact  was  made  with  the 
platinum  electrode  by  placing  mer¬ 
cury  in  the  tube  over  it  and  dipping 
a  wire  into  the  mercury.  A  reference 
electrode  was  used  which  had  a  po¬ 
tential  of  -0.23  volts  against  the 
saturated  calomel  electrode.  Elec¬ 
trical  connection  between  the  refer¬ 
ence  and  rotating  electrode  was  made 
by  means  of  a  salt  bridge. 

Silver  Nitrate  Method.  —  In  ti¬ 
trating  a  mercaptan  with  silver 
nitrate,  using  a  saturated  calomel 
electrode  as  the  reference  electrode, 
the  current  was  zero  until  the  end 
point  was  reached.  After  this  there 
was  an  excess  of  silver  ions  in  solu¬ 
tion.  The  diffusion  current  of  the 
silver  ion  was  measured  with  a 
microammeter,  the  diffusion  current 
being  proportional  to  the  concentra¬ 
tion  of  the  silver  ions  in  solution. 
When  the  current  readings  during 
titrations  were  plotted  against  vol- 
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ume  of  reagent  added,  two  lines 
were  obtained,  which  intersected  at 
the  end  point.  A  5  x  10-4  solution 
of  silver  nitrate  prepared  from  a 
stock  solution  Avas  used  as  the  titrat¬ 
ing  agent.  The  titrating  agent  Avas 
delivered  by  means  of  a  microbur- 
ette.  A  commercial  piece  of  appara¬ 
tus,  a  Sargent  “Ampot”,  using  ei¬ 
ther  the  rotating  platinum  electrode 
or  dropping  mercury  electrode,  was 
used. 

One  tenth  ml  of  0.01  N  ethylene 

diamine  tetracetic  acid,  (Versene) 

was  added  to  the  titrating  mixture. 

This  acted  as  a  powerful  chelating 

agent  and  prevented  the  metal- 

catalyzed  oxidation  of  soluble  non- 
«/ 

protein  mercaptans  in  an  alkaline 
titration  medium  as  described  by 
Benesch  and  Benesch  (1950). 

A  sample  to  be  determined  was 
diluted  to  40  ml  with  22%  aqueous 
ethanol.  This  solution  was  made  up 
to  0.25  M  in  ammonium  hydroxide 
and  0.05  M  ammonium  nitrate.  The 
sample  is  titrated  with  the  5  x  10-4 
M  silver  nitrate  solution  at  the  ro¬ 
tating  electrode,  and  the  -SH  groups 
were  removed  by  combination  with 
the  silver  ions.  The  further  addition 
of  silver  ions  caused  a  Aoav  of  current 
which  was  proportional  to  the  con¬ 
centration  of  silver  ions  in  solutions. 
Two  or  three  readings  of  the  micro- 
ammeter  were  made  before  the  end¬ 
point  Avas  reached.  As  long  as  the 
silver  nitrate  was  not  in  excess,  the 
current  Avas  zero.  After  the  end¬ 
point  was  reached,  the  deflection  of 
the  ammeter  corresponded  to  the 
diffusion  currents  of  the  excess  sil¬ 
ver  ions.  When  the  ammeter  indi¬ 
cated  that  the  end-point  Avas  passed, 
tAvo  or  three  small  increments  of 


silver  nitrate  were  added  and  the 
current  Avas  read  after  each  addition. 

Results  and  Discussion 

The  results  obtained  by  titration 
of  untreated  embryos  showed  that 
52.08%  of  the  sufhydryl  groups 
were  in  the  microsome  fraction, 
27.07%  in  the  mitochondrial  frac¬ 
tion,  16.70%  in  the  cell  nuclei,  and 
4.14%  in  the  clear  cytoplasm.  The 
results  that  Avere  obtained  by  treat¬ 
ing  the  embryos  with  various  rea¬ 
gents,  followed  by  centrifugation 
and  titration,  demonstrated  an  in¬ 
crease  in  amount  of  titratable  sulf- 
hydryl  in  every  instance.  The 
greatest  percentage  of  increase  Avas 
with  sodium  borohydride  which  gaAre 
an  increase  of  37.50%  and  repre¬ 
sented  breaking  of  disulfide  bond¬ 
ing.  The  results  that  were  obtained 
by  using  reagents  for  breaking  of 
hydrogen  bonding  demonstrated  that 
guanidine  hydrochloride  Avitli  a 
25.00%  increase  was  the  most  effec¬ 
tive  and  Dupinol  P.C.  with  a  12.50% 
increase  and  saturated  Urea  with 
7.25%  increase  in  amount  of  titrat¬ 
able  sulfhydryl  were  less  effectree. 

The  developing  embryo  in  the 
grasshopper  egg  showed  high  cellu¬ 
lar  activity.  This  indicates  that  an 
increase  of  sulfhydryl  groups  is 
associated  with  periods  of  active 
growth.  The  abrupt  rise  of  titer 
of  -SH  groups  during  development, 
occurs  at  the  same  time  as  morpho¬ 
genetic  growth  and  differentiation. 
This  increase  in  sulfhydryl  content 
parallels  metabolic,  mitotic  and  mor¬ 
phogenetic  activity.  The  fact  that 
the  greater  portion  of  the  free  sulf¬ 
hydryl  groups  is  located  in  the 
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microsome  fraction  supports  the  con¬ 
tention  of  Hammet  (1929),  Rapkine 
(1931),  and  Barron  and  Seki  (1952) 
that  the  microsomes  are  concerned 
with  protein,  fat,  and  to  some  extent 
carbohydrate  synthesis  in  the  cell. 

The  increase  in  amount  of  titrat- 
able  sulfhydryl  after  treatment  with 
a  strong-  reagent  like  sodium  boro- 
hydride  and  the  relatively  weak  or 
mechanical  reagents  such  as  guani¬ 
dine  hydrochloride,  saturated  urea, 
and  Dupinol  P.C.  would  indicate 
that  in  addition  to  occurring  as  free 
groups,  the  titratable  sulfhydryls 
also  occur  as  bond  groups  in  at  least 
two  different  types  of  linkages,  the 
disulfide  and  hydrogen  bonding. 
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Abstract. — The  effect  of  sodium  amy- 
tal  and  rotenone  on  the  alpha-ketogln- 
tarate.  oxidase,  succinate  oxidase,  and 
adenosinetriphosphatase  of  bluegill  liver 
mitochondria  was  investigated.  Amytal 
and  rotenone  inhibited  oxygen  uptake 
with  alpha-ketoglutarate  as  substrate 
but  not  with  succinate.  At  amytal  levels, 
which  did  not  inhibit  oxygen  uptake, 
there  was  no  effect  on  phosphate  uptake; 
but  at  rotenone  levels,  which  did  not 
alter  oxygen  uptake,  there  was  a  de¬ 
crease  in  phosphate  uptake.  Neither 
amytal  nor  rotenone  increased  the  hy¬ 
drolysis  of  adenosinetriphosphate;  how¬ 
ever,  high  concentrations  of  amytal  and 
rotenone  inhibited  the  hydrolysis. 

Rotenone  is  widely  used  as  a  fish 
toxicant.  This  insecticide  has  been 
shown  to  reduce  oxygen  uptake  by 
fishes  (Danneel,  1933)  and  grass¬ 
hoppers  (Tischler,  1935).  Later  ro¬ 
tenone  was  thought  to  cause  destruc¬ 
tion  of  gill  tissue  (Danneel,  1933; 
Scheuring  &  Heuschmann,  1935)  and 
to  block  the  circulation  in  gill  tissue 
(Hamilton,  1941).  Oberg  (1959) 
reported  that  in  severe  rotenone 
poisoning,  the  circulation  in  the 
gills  was  normal  and  the  destruction 
of  gill  tissue  was  apparently  due  to 
secondary  changes.  Lindahl  and 
Oberg  (1961),  studying  the  effect  of 
rotenone  on  cellular  respiration,  re¬ 
ported  that  rotenone  inhibited  the 
uptake  of  oxygen  in  the  presence  of 
pyruvate  and  glutamate,  but  not  in 
the  presence  of  succinate  as  a  sub¬ 
strate.  Similar  results  had  been 
reported  by  Fukami  (1954)  and 
Fukami  and  Tomizawa  (1956)  and 
Tomizawa  and  Fukami  (1956). 


Oberg  (1961),  using  spectrophoto- 
graphic  techniques,  demonstrated 
that  rotenone  inhibited  the  flow  of 
electrons  between  diphosphopyridine 
nucleotide  (DPN)  and  the  cyto¬ 
chrome  chain.  Ernster  (1957)  re¬ 
ported  that  sodium  amytal  inhibited 
electron  transfer  between  substrate 
and  the  cytochrome  chain,  and 
Chance  (1958)  indicated  that  the 
inhibition  by  amytal  occurred  be¬ 
tween  DPN  and  the  cytochrome 

*/ 

chain. 

Since  amytal  and  rotenone  appear 
from  the  literature  to  have  similar 
modes  of  action,  the  effect  of  amytal 
and  rotenone  on  bluegill  liver  mito¬ 
chondrial  systems  was  invesigated. 

Materials  and  Methods 

Native,  wild  bluegill,  Lepomis 
macrochirus,  were  maintained  in 
aerated  aquaria  at  25°  C.  Fish  were 
killed  by  severing  the  spinal  cord ; 
the  livers  were  excised  and  placed 
in  cold  0.15  M  sucrose.  Excess 
sucrose  was  removed  by  blotting  with 
filter  paper ;  livers  were  weighed 
quickly.  One  to  ten  homogenates 
were  prepared  by  adding  nine  vol¬ 
umes  of  pH  7.5  phosphate  buffered 
0.15  M  sucrose  in  a  glass  Potter- 
El  vej  hem  type  homogenizer  with 
Teflon  Pestle.  Mitochondria  were 
obtained  from  the  homogenates  at 
-2°  C  by  centrifugation  (Schneider 
&  Hogeboom,  1950)  in  a  Serval 
refrigerated  centrifuge  for  10  min- 
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utes  at  21,000  x  g  after  a  preliminary 
centrifugation  at  800  x  g  for  5  min¬ 
utes  to  remove  debris.  (Note — Early 
results  indicated  that  all  the  oxida¬ 
tive  ability  were  obtained  under 
these  conditions.)  The  mitochondria 
were  washed  once  and  resuspended 
in  original  volume  of  buffered  0.15 
M  sucrose.  One  ml  of  tissue  prepara¬ 
tion  was  used. 

For  maximum  oxygen  and  phos¬ 
phate  uptake  with  alpha-ketogluta- 
rate  as  substrate  the  mitochondria 
were  prepared  and  resuspended  in 
homogenizing  medium  containing 
0.001  M  ethylene  diamine  tetraacetic 
acid  (EDTA) . 

Mitochondria  used  in  the  adeno- 
sinetriphosphatase  (ATPase)  invest¬ 
igation  were  prepared  in  unbuffered 
0.15  M  sucrose. 

Oxidation  of  the  substrates  was 
estimated  by  conventional  manomet- 
ric  techniques  (1957)  in  a  Warburg 
apparatus  at  25°  C  (Umbreit,  et  ah, 
1951).  The  main  compartment  con¬ 
tained  0.5  ymoles  of  adenosinetri- 
phosphate  (ATP),  0.05  ml  of  1% 
cytochrome  C,  10  ymoles  of  mag¬ 
nesium  chloride,  30  yinoles  of  sub¬ 
strate,  0.05  ml  1%  bovine  serum 
albumin,  and  0.15  M  Trishydroxy- 
methylamino  methane  (Tris)  buffer 
pH  7.5  to  give  a  total  volume  of 
3.0  ml.  The  single  side  arm  con¬ 
tained  60  ymoles  of  glucose  and  0.1 
ml  of  1%  hexokinase,  prepared  prior 
to  use.  Fluted  filter  paper,  and  0.2 
ml  of  20%  potassium  hydroxide 
were  placed  in  the  center  well.  Air 
was  the  gas  phase.  After  5  minutes 
of  incubation,  the  contents  of  the 
side  arm  vTere  tipped  into  the  main 
compartment,  and  zero  time  read¬ 
ings  recorded  after  a  total  of  10 
minutes  incubation.  Oxygen  uptake 


was  estimated  at  10-minute  intervals 
for  a  total  period  of  30  minutes. 

With  alpha-ketoglutarate  as  sub¬ 
strate,  the  reaction  medium  also  con¬ 
tained  0.5  ymoles  of  adenosinedi- 
phosphate  (ADP)  and  COA,  and  the 
preincubation  period  Avas  15  min¬ 
utes. 

The  phosphate  contents  of  the 
reaction  media  were  estimated  using 
essentially  the  procedures  of  Lowry 
and  Lopez  (1946),  and  color  esti¬ 
mated  using  a  Coleman  Jr.  spectro¬ 
photometer  at  660  m fx.  Phosphate 
uptake  Avas  determined  by  compar¬ 
ing  the  inorganic  content  of  the 
reaction  media  with  appropriate  zero 
time  samples  prepared  in  20  ml 
beakers. 

The  ATPase  activity  of  freshly 
prepared  mitochondria  wras  investi¬ 
gated  by  estimating  the  release  of 
inorganic  phosphate  from  ATP  in 
a  reaction  medium  consisting  of  0.05 
ml  of  0.1  M  ATP,  0.02  or  0.05  ml 
of  0.1  M  metal  ion,  all  added  as  chlo¬ 
ride  salts,  0.2  ml  of  mitochondrial 
preparation,  and  Tris  buffer  pH  7.5, 
to  give  a  total  volume  of  2  ml.  The 
reaction  media  were  incubated  in 
20  ml  beakers  for  15  minutes  at  25° 
C  in  a  Dubnoff  metabolic  incubator 
(1948).  The  enzyme  reaction  Avas 
stopped  by  transferring  the  contents 
of  the  reaction  vessels  into  test  tubes 
containing  1  ml  of  5%  trichloroacetic 
acid  (TCA),  and  the  phosphate  con¬ 
tent  Avas  estimated  as  indicated 
aboATe. 

The  nitrogen  content  of  all  tissue 
preparations  Avas  estimated  by  direct 
Nesserlization  of  tissue  digests 
(1955),  and  the  color  estimated  at 
425  Illy. 

Oxygen  data  are  expressed  as  Q02 
values  (yl02/hr/mg  N),  and  phos- 
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pliate  data  as  y moles  of  P04/hr/mg 
N,  and  all  values  have  been  corrected 
for  endogenous  activity.  The  data 
presented  are  average  values  from 
two  or  more  experiments. 

Results  and  Discussion 

The  effects  of  amytal  and  rotenone 
on  oxygen  and  phosphate  uptake  are 
summarized  in  Table  1.  Succinate 
oxidation  was  increased  in  the  pres¬ 
ence  of  amytal  and  rotenone,  where¬ 
as  the  alpha-ketoglutarate  oxidation 
was  severely  inhibited.  As  the  con- 

t/ 

centration  of  amytal  was  reduced, 
the  inhibition  of  alpha-ketoglutarate 

Table  1. — Effect  of  Amytal  and  Rote¬ 
none  on  Oxygen  and  Phosphate  Uptake 
in  the  Presence  of  Succinate  and  Alpha- 
ketoglutarate. 
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oxidation  was  reduced ;  and  at  an 
amytal  concentration  of  0.81  x  10'7 
g  per  ml  of  reaction  medium,  no 
effect  on  either  oxygen  uptake  or 
phosphate  uptake  was  observed.  Like¬ 
wise,  a  reduction  of  the  rotenone 
concentration  also  reduced  the  in¬ 
hibition  of  the  oxidation  of  alpha- 
ketoglutarate  ;  but  in  contrast  to 
amytal  at  a  rotenone  level  which 
did  not  alter  oxygen  uptake,  there 
was  approximately  a  20%  reduction 
in  phosphate.  Therefore,  rotenone 
appears  to  have  an  additional  effect 
on  phosphate  uptake  not  exhibited 
b}^  amytal  under  the  conditions  de¬ 
scribed. 

The  total  amount  of  phosphate 
in  the  reaction  medium  is  the  result 
of  the  total  amount  of  inorganic 
phosphate  incorporated  altered  by 
the  quantity  of  inorganic  phosphate 
which  may  be  released  from  tissue 
organic  phosphates,  such  as  ATP, 
or  by  the  inhibition  of  phosphate  up¬ 
take.  To  determine  if  the  net  de¬ 
crease  in  phosphate  uptake  might 
be  due  to  the  effect  of  rotenone  on 
the  hydrolysis  of  tissue  phosphates, 
the  effect  of  amytal  and  rotenone  on 
the  mitochondral  ATPase  was  esti¬ 
mated.  These  results  are  summar¬ 
ized  iu  Table  2.  Neither  amytal  nor 
rotenone  at  the  levels  presented  in 
Table  2  increased  the  hydrolysis  of 
ATP;  but  higher  concentrations  of 
rotenone  inhibited  the  hydrolysis  of 
ATP.  This  would  indicate  that  the 
effect  of  rotenone  on  phosphate  up¬ 
take  would  be  at  some  point  or 
points  during  the  conversion  of  in¬ 
organic  phosphate  into  tissue  organic 
phosphate.  These  data  agree  with 
the  data  presented  by  Chance  and 
Hollunger  (1963)  and  Ernster  et  al. 
(1963)  whose  data  indicated  that 
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Table  2. — Effect  of  Amytal  and  Rote- 
none  on  Mitochondria  ATPase. 


metal 

ion 

pinoles  of 
metal  added 
to  reaction 
medium 
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42.0 
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20.3 

Calcium . 

5 

23 . 2 

25.8 

19.0 

17.1 

rotenone  interfered  at  some  point 
in  the  transfer  of  energy.  Also,  the 
point  of  inhibition  or  mechanism  of 
action  of  rotenone  has  yet  to  be 
elucidated. 
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Abstract. — The  kinetics  of  the  reduc¬ 
tion  of  peroxodisulfate  ion  by  benzoic 
acid  with  silver  ion  as  a  catalyst  has 
been  studied  by  iodometric  determina¬ 
tion  of  the  peroxodisulfate  ion.  Hydro¬ 
gen  peroxide  formed  during  the  reaction 
was  destroyed  by  the  use  of  catalase. 
Two  concurrent  reactions,  one  first  or¬ 
der  and  one  second  order  with  respect 
to  peroxodisulfate,  are  involved. 


The  reaction  was  nearly  first  order 
with  respect  to  peroxodisulfate  ion 
but  careful  examination  of  the  data 
indicated  that  two  simultaneous  re¬ 
actions  were  taking  place.  The  first 
order  reaction  may  be  represented 
by  the  following  mechanism : 


Peroxodisulfate  ion  in  the  pres¬ 
ence  of  silver  ion,  as  a  catalyst  is 
capable  of  oxidizing  many  benzene 
ring  compounds  (Bacon,  1960)  with 
the  formation  of  a  resinous  material. 
Since  benzoic  acid  presented  fewer 
analytical  difficulties  than  most  of 
the  other  benzene  derivatives,  it  was 
chosen  for  this  study. 

Preliminary  studies  showed  that 
the  rate  of  the  reaction  was  zero 
order  with  respect  to  benzoic  acid 
and  first  order  with  respect  to  silver 
ion.  This  was  in  agreement  with 
earlier  investigations  which  showed 
that  the  reduction  rate  is  indepen¬ 
dent  of  the  concentration  and  char¬ 
acter  of  the  reducing  agent  (Cone, 
1945;  Gupta,  1959). 


(1) 

(2) 


S2  Os2-  +  A 


activated 

complex 


- >  so4  —  +  Ag-2*  +  soy 

Ag2*  +  H,0 - » 

H  +  Ag*  +  HO- 


(3)  S04  —  +  H,0 - > 

soy  +  H*  +  HO- 

Equation  (1)  is  the  slow  reaction 
and  is  rate  determining. 

The  second  reaction  was  second 
order  and  can  be  represented  by  the 
folowing  equation : 


(4)  2S2Os2-  +  3  IDO - > 

H202  +  [0]  — >4HS04- 

The  differential  equation  for  the 
two  simultaneous  reactions  is  shown 
below : 


(5)  d [S2  0  82-]  =  — kt  [S2  0  82-]  — k2  [S20y]2 
clt 

which  on  integration  yields : 


[S2O82"]0 

ki  +  k2  [S2082  ]t 

k4 1 

[s2oy]t 

ki  +  k2  [S2O8]0 

2.303 

[144] 
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In  order  to  calculate  k2,  the  first 
order  rate  constant,  kx  had  to  be 
known.  The  first  order  rate  constant 
was  taken  from  another  work  (Cone, 
1945)  in  which  the  rate  constant 
of  the  first  order  reaction  was  found 
by  determining  the  concentration  of 
the  product  oxidized  by  peroxodisul- 
fate  ion.  Cone’s  work  would  have 
not  detected  any  side  reactions  in¬ 
volving  peroxidisulfate  ion. 

The  value  of  the  first  order  rate 
constant  is  0.447  min-1  at  35° 
(Cone,  1945)  and  a  calculated  value, 
using  the  Arrhenius  equation,  of 
0.650  min'1  at  44.55°.  With  the  use 


of  these  rate  constants  calculations 
were  made  to  determine  the  concen¬ 
tration  of  the  peroxodisulfate  ion 
if  only  the  first  order  reaction  had 
occurred.  From  these  values  are 
substracted  the  concentrations  of 
peroxodisulfate  ion  determined  ex¬ 
perimentally.  The  difference  between 
these  two  values  is  the  concentration 
of  peroxodisulfate  ion  which  was  re¬ 
duced  by  means  of  the  second  order 
reaction. 

If  the  left  side  of  equation  6  is 
plotted  against  time,  by  use  of  ex¬ 
perimental  data  (at  34.91° C)  from 
Table  1,  a  linear  plot  is  observed  as 


Table  1. — Data  and  Calculated  Values  for  the  Determination  of  the  Second 
Order  Rate  Constant  at  34.91°C  and  44.55°C. 


Data  at  34.91°C 


Time  (min.) 

A 

B 

C 

D 

0 . 

.  9.750 

9.750 

0.000 

30 . 

.  9.092 

9.621 

0.529 

0.147 

60 . 

.  8.577 

9.499 

0.922 

0.153 

90 . 

.  8.126 

9.365 

1.239 

0.150 

120 . 

.  7.669 

9.241 

1.572 

0.152 

150 . 

.  7.242 

9.118 

1.876 

0.153 

180 . 

.  6.858 

8.995 

2.137 

0.152 

210 . 

.  6.517 

S.S78 

2.316 

0.149 

240 . 

.  6.154 

8.758 

2.604 

0.150 

270 . 

.  5.816 

8.642 

2.826 

0.150 

Data  at 

44.55°C 

Time  (min.) 

A 

B 

C 

D 

0 . 

.  9.875 

9.875 

0.000 

30 . 

.  8.471 

9.648 

1.213 

0.437 

60 . 

.  7.344 

9.498 

2.154 

0.453 

90 . 

.  6.449 

9.314 

2.S65 

0.448 

120 . 

.  5.639 

9.134 

3.495 

0.453 

150 . 

.  4.963 

8.958 

3.995 

0.451 

180 . 

.  4.348 

8.785 

4.437 

0.453 

210 . 

.  3.852 

8.615 

4.763 

0.444 

240 . 

.  3.362 

8.449 

5.087 

0.443 

Code  to  Table:  A — Experimental  molarity  of  the  peroxodisulfate  ion  x  KP; 
B — Molarity  of  peroxodisulfate  ion  calculated  from  Cone’s  first  order  rate  con¬ 
stant;  C — Molarity  of  peroxodisulfate  ion  consumed  by  the  second  order  reaction; 
and  D — Reaction  rate  constant,  ks,  for  the  second  order  reaction  in  liter  per  mole 
per  minute. 

The  concentration  of  silver  ion  in  both  cases  is  1.00  millimolar. 
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Figure  1.- — A  time  dependent  plot 
from  data  taken  from  Table  1  at  34.91° C 
showing  remarkable  linearity. 


6 

^  CD 

CM 

GO 

o 

o 

C\J 

CM 

V) 

(/) 

CM 

CM 

JC 

+ 

-I- 

O 

'  1 

■ — ' 

CM 

00 

O 

o 

CM 

CM 

( r t 

CO 

y* 

""  "* 

o 

o 


is  shown  in  Figure  1.  A  similar  plot 
is  obatined  if  one  uses  the  data  at 
44.55°. 

The  progress  of  the  reaction  was 
followed  by  determining  the  oxidiz¬ 
ing  power  of  the  solution  bv  an  iodo- 
metric  titration  of  aliquot  samples. 
Aliquots  were  withdrawn  at  inter¬ 
vals  of  30  minutes.  Before  each 
aliquot  was  analyzed  one  milliliter 
of  a  0.5%  solution  of  catalase  was 
added.  Catalase  is  known  to  be 
specific  for  the  decomposition  of 
hydrogen  peroxide  (Beers,  1954). 
The  aliquot  sample  was  then  flushed 
with  nitrogen  for  60  seconds  to 


eliminate  oxygen  from  the  solution. 

Preliminary  experiments  showed 
that  the  enzyme  did  not  interfere 
with  the  analysis  of  the  peroxodisul- 
fate  ion.  This  method  is  a  quantita¬ 
tive  method  for  determination  of 
peroxodisulfate  ion  in  the  presence 
of  hydrogen  peroxide. 

Debye-Huckel  calculations  involv¬ 
ing  ionic  strength  did  not  correct 
the  experimental  data  so  that  it 
would  follow  a  simple  first  order  rate 
law.  Deviations  from  first  order  data 
are  much  too  great  to  involve  only 
ionic  strength  corrections. 
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NEWS  AND  COMMENTS 


January  is  one  devil  of  a  time  to 
write  comments  to  be  read  in  sunny 
June.  I  do  not  feel  “ sunny.  ”  I 
am  still  finding  “goofs”  in  that  big, 
fat  issue  that  came  out  at  the  end 
of  last  year.  The  latest  discovery 
is  the  inverted  formula  on  page  266. 
Somewhere  and  sometime  after  the 
author  read  the  galley  the  inversion 
took  place.  However,  you  victims 
of  my  failures  may  now  rejoice  in 
learning  that  the  printer  committed 
a  big  spelling  “goof”  on  the  cover 
of  one  of  MY  reprints. 

Manuscripts  are  coming  into  the 
editorial  office  (a  carton  in  one 
corner  of  my  workroom)  at  a  terri¬ 
fying  rate.  As  long  as  the  budget 
will  stand  the  strain  I  will  do  all 
I  can  to  get  every  acceptable  paper 
into  the  Transactions  as  soon  as 
possible. 

Treasurer  Ashby  tells  me  that  our 

*/ 

membership  is  growing.  He  had  to 
order  several  thousand  new  member¬ 
ship  application  forms  a  few  days 
ago.  So  get  out  and  rustle  up  some 
more  members.  We  need  the  dues 
to  help  pay  for  the  Transactions. 
What  am  I  saying?  More  members 
result  in  more  papers ;  more  papers 
make  bigger  Transactions ;  bigger 
Transactions  need  more  members ; 

more  members  mean . Oh 

well,  go  out  and  get  the  new  mem¬ 
bers  and  we'll  see  where  it  all  ends. 

Milton  D.  Thompson,  Director  of 
the  Illinois  State  Museum,  an¬ 
nounced  the  retirement  of  Thorne 
Deuel  on  December  31,  1964.  Dr. 
Deuel,  research  scientist  for  the  past 
two  years  and  former  Museum  Di¬ 
rector,  retired  after  27  years  of  state 
service. 

The  Museum  Board  of  Advisors 
and  the  Director  of  Registration  & 


THORNE  DEUEL 


Education  paid  high  tribute  to  Dr. 
Deuel  at  their  Board  meeting  on 
December  18th  by  passing  a  resolu¬ 
tion  which  appointed  him  Museum 
Director,  Emeritus,  and  Research 
Associate  in  Anthropology,  of  the 
Illinois  State  Museum. 

Dr.  Deuel,  a  nationally  known 
anthropologist,  pioneered  the  devel¬ 
opment  of  midwestern  archaeology 
with  Fay-Cooper  Cole,  Cleorg  K. 
Neumann  and  others.  His  contribu¬ 
tions  in  the  Museum  field  have  been 
equally  as  outstanding,  resulting  in 
his  ultimate  goal  to  make  the  Illinois 
State  Museum  one  of  national  im¬ 
portance  and  to  acquire  a  new  Mu¬ 
seum  building  for  the  State. 

Dr.  Deuel  will  continue  the  long¬ 
term  research  project  in  the  science 
of  culture,  which  he  has  been  ac¬ 
tively  engaged  in  for  the  past  two 


years. 
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PORCUPINE  FROM  THE  OZARK  HIGHLANDS 

OF  MISSOURI 

PAUL  W.  PARMALEE 

Illinois  State  Museum,  Springfield 


Abstract. — An  incomplete  left  jaw  of 
a  porcupine  ( Erethizon  dorsatum) , 
found  in  an  archaeological  rockshelter 
site  in  Phelps  County,  Missouri,  consti¬ 
tutes  the  second  prehistoric  record  of 
porcupine  for  Missouri. 


A  part  of  the  lower  left  jaw  of  a  por¬ 
cupine,  Erethizon  dorsatum ,  was  found 
during  periodic  excavations  in  1961-62 
at  the  Tick  Creek  Cave  Site,  12  miles 
west  of  Rolla,  Phelplis  County,  Missouri. 
The  jaw  was  that  of  a  juvenile  animal; 
the  premolar  had  not  yet  erupted  above 
the  rim  of  the  alveolus.  Approximately 
one-half  of  the  ventral  margin  had  been 
broken  away,  apparently  during  the  dig¬ 
ging  operations  and  the  incisor,  M3  and 
about  half  the  ramus  were  missing.  A 
series  of  light,  transverse  skinning  cuts 
occurred  at  the  base  of  the  coronoid 
fossa,  indicating  the  animal  had  been 
taken  and  skinned  by  the  Late  Wood¬ 
land  occupants  ( 800-1300  ?A.D. )  of  this 
rockshelter.  The  presence  of  only  this 
one  element  in  over  40,000  bones  may 
or  may  not  indicate  its  former  abun¬ 
dance  in  this  area. 

The  Ozark  Highland  represents  an 
old,  deeply  dissected  plateau  which  now 
appears  as  hills  with  steep  intervening 
valleys  cut  by  numerous  clear  streams 
arising  in  the  higher  elevations.  The 
original  mesophytic  forest  cover  was  an 
oak  and  hickory  type — a  western  exten¬ 
sion  of  the  large  deciduous  forests  of 
eastern  United  States  —  interspersed 
with  short-leaf  pine.  This  environment 
formed  suitable  habitat  for  a  variety 
of  vertebrate  species,  particularly  mam¬ 
mals,  which  were  used  extensively  by 
the  Indians  occupying  this  area.  In 
order  of  decreasing  abundance  the  fol¬ 
lowing  mammal  remains  were  also  re¬ 
covered  at  this  site:  white-tailed  deer, 
raccoon,  squirrels  ( Sciurus  spp.),  cot¬ 
tontail,  elk,  striped  skunk,  gray  fox, 
heaver,  canids  and  woodchuck.  Bones 
of  the  turkey  and  turtles  (especially 
Terrapene )  were  abundant. 


Prior  to  the  recovery  of  the  specimen 
reported  here  from  the  Tick  Cleek  Cave 
Site,  the  only  evidence  for  the  former 
occurrence  of  porcupine  in  Missouri 
were  two  lower  jaws  recorded  by  Simp¬ 
son  (1949)  from  Cherokee  Cave  in  St. 
Louis  along  with  a  mixture  of  Pleisto¬ 
cene  (peccary,  armadillo)  and  recent 
(black  bear,  raccoon,  beaver  and  por¬ 
cupine)  forms.  These  records  and  the 
bones  of  porcupine  from  a  cave  in  Mon¬ 
roe  County,  Illinois  (Parmalee,  Bieri 
and  Mohrman,  1961)  established  the 
former  occurrence  of  E.  dorsatum  south¬ 
ward  along  the  Mississippi  River  bluffs 
in  the  central  Midwest. 

The  prehistoric  occurrence  of  porcu¬ 
pine  in  Phelps  County  is  noteworthy  in 
that  it  fills  a  gap  in  the  known  range 
of  this  species  in  the  central  Midwest 
region.  Judging  from  the  distributional 
map  presented  by  Hall  and  Kelson 
(1959),  this  Ozark  Highlands  animal 
may  be  Erethizon  d.  dorsatum  and  rep¬ 
resents  a  southwestern  extension  of  this 
northeastern  subspecies.  Cockrum 
(1952)  records  Erethizon  d.  bruneri 
from  Johnson  County,  Kansas,  a  dis¬ 
tance  of  approximately  160  miles  north¬ 
west  of  the  Phelps  County,  Missouri 
locality.  The  prairie  regions  of  north¬ 
ern  and  western  Missouri  may  well 
have  formed  a  natural  barrier  separat¬ 
ing  the  two  forms. 

Extreme  southern  and  western  range 
extensions  for  the  porcupine  in  the 
eastern  half  of  the  United  States  have 
been  established  on  the  basis  of  remains 
from  caves  (Kellogg,  1939;  Parmalee, 
Bieri  and  Mohrman,  1961)  and  archaeo¬ 
logical  sites  (Barkalow,  1961).  There 
were  no  historic  accounts  of  the  rodent 
from  these  areas  and  it  appears  the 
porcupine  disappeared  from  these  farth¬ 
est  localities  prior  to  the  coming  of  the 
white  man.  Possibly  the  xerothermic 
period  (3,000-1,000  B.C.)  of  warm  and 
dry  climate  may  have  been  an  influenc¬ 
ing  factor,  directly  and  indirectly,  re¬ 
ducing  or  eliminating  small  populations 
at  the  range  extremities.  Although  the 
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topography  and  vegetation  type  in  the 
regions  from  which  these  prehistoric 
marginal  records  occurred  still  appear 
to  be  suitable  habitat  for  the  porcupine, 
it  was  apparently  unable  to  survive 
climatic/vegetation  change  or  possibly 
hunting  pressure  by  early  man  in  many 
areas  of  its  former  range  in  eastern 
United  States. 

I  would  like  to  thank  Mr.  Ralph  G. 
Roberts  and  Mr.  Jack  Scrivner  of  Rolla 
who  undertook  most  of  the  field  work 
at  Tick  Creek  Cave  and  made  the  faunal 
materials  available  to  me  for  study. 
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A  SECOND  OF  HE  MI  DA  CTYLI UM  SCUTATUM,  THE 
FOUR-TOED  SALAMANDER,  IN  KENTUCKY 

RONALD  A.  BRANDON 

Department  of  Zoology,  Southern  Illinois  University,  Carbondale 


Abstract. — The  occurrence  of  the  sal¬ 
amander  Hemidactylium  scutatum  in 
Mammoth  Cave  National  Park  is  re¬ 
ported,  along  with  information  on  the 
probable  date  of  egg  deposition. 


Five  females  and  eggs  of  Hemidactyl¬ 
ium  scutatum  were  observed  on  May 
1-2,  1959  and  April  21,  1961  near  the 
older  campground  in  Mammoth  Cave 
National  Park.  The  site  is  along  the 
bank  of  an  intermittent  stream  which 
runs  through  open,  deciduous  woods  at 
an  elevation  of  740  feet  on  the  north¬ 
west  edge  of  Mammoth  Cave  Ridge,  Ed¬ 
monson  County,  Kentucky. 

The  female  found  on  May  1  was  coiled 
on  top  of  a  nest  of  eggs  under  damp 
leaves  and  approximately  six  inches 
above  the  water  level  of  a  pool  in  the 
stream.  On  May  2,  three  more  females 
and  their  eggs  were  found  nearby  under 
a  mat  of  moss  about  one  foot  above  the 
water  level;  all  were  in  separate  nests 
within  an  area  of  about  one-lialf  square 
foot.  Two  years  later,  on  April  21,  1961, 
a  female  and  eggs  were  found  in  the 
same  locality. 

One  female  (44  mm  body  length,  62 
mm  total  length),  now  University  of 
Illinois  Museum  of  Natural  History  no. 
57547,  and  a  few  eggs  were  returned 
to  the  laboratory.  Five  eggs  were  kept 
at  about  20°  C  and  hatched  three  days 
later  into  larvae  14  mm  long.  Deposi¬ 


tion  of  these  eggs  probably  occurred 
in  early  to  middle  March,  if  their  incu¬ 
bation  period  is  comparable  to  that  of 
52-53  days  recorded  in  New  York  (Bish¬ 
op,  1941).  The  large  size  of  the  larvae 
hatched  in  the  laboratory  indicates  that 
they  did  not  hatch  prematurely.  The 
New  York  larvae  averaged  12.5  mm  at 
hatching,  and  ranged  from  11-14  mm. 

Since  the  range  of  H.  scutatum  is 
strikingly  discontinuous  along  its  south¬ 
ern  and  western  limits  (Neill,  1963), 
individual  records  are  of  considerable 
interest.  This  species  was  not  included 
in  Hibbard’s  (1937)  list  of  amphibians 
and  reptiles  in  the  proposed  Mammoth 
Cave  National  Park.  Except  for  Green’s 
(1941)  report  of  H.  scutatum  in  Carter 
County,  about  185  miles  to  the  north¬ 
east,  no  record  of  its  occurrence  in  Ken¬ 
tucky  has  been  reported.  In  his  contri¬ 
bution  to  the  American  Society  of  Ich¬ 
thyologists  and  Herpetologists’  Cata¬ 
logue.  Neill  (1963)  showed  records  in 
southwestern  Indiana  and  at  the  type- 
locality,  Nashville,  Tennessee.  On  his 
range  map,  a  continuous  range  was  in¬ 
dicated  between  these  two  localities: 
however,  no  record  in  central  Kentucky 
was  actually  known  (Neill,  pers. 
comm. ) . 
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THE  DETERMINATION  OF  TOTAL  CHLOROPHYLL  IN 

METHANOL  EXTRACTS 

NAIL  H.  OZEROL  and  JOHN  S.  TITUS 

Department  of  Horticulture,  University  of  Illinois,  Urhana 


Abstract.  —  The  colorimetric  deter¬ 
mination  of  chlorophyll  is  dependent 
upon  the  efficiency  of  the  solvent  used 
for  extraction.  Using  reported  absorp¬ 
tion  coefficients  for  chlorophylls  a  and  b 
in  methanol,  we  have  derived  the  fol¬ 
lowing  formula  for  chlorophyll  in  mg 
per  liter  of  extract: 

C  -  C;1  +  Cb  =  25.5  D651  +  4.0  Dee*. 


A  critical  step  in  procedures  for  the 
determination  of  chlorophyll  in  plant 
tissues  is  that  of  extraction.  In  work 
with  apple  leaves,  methanol  has  been 
found  to  be  a  much  more  efficient  chlor¬ 
ophyll  solvent  than  is  acetone.  Compton 
and  Boynton  (1945)  developed  a  meth¬ 
od  for  determining  chlorophyll  in  meth¬ 
anol  extracts  of  apple  leaves.  MacKin- 
ney  (1941)  and  Harris  and  Zscheile 
(1943)  have  determined  the  absorption 
coefficients  of  chlorophylls  a  and  b  in 
several  solvents  including  methanol  and 
acetone.  Arnon  (  1949)  used  the  absorp¬ 
tion  coefficients  (K  values)  of  chloro¬ 
phyll  in  acetone  as  reported  by  MacKin- 
ney,  to  derive  the  following  formula  for 
the  estimation  of  total  chlorophyll  in 
acetone  extracts  in  plant  tissues. 

(1)  C  =  Ca  +  Cb  =  20.2  D645  +  8.02  De63 
where  Ca  and  C,,  are  chlorophylls  a  and 
b  in  mg  /liter,  and  D  is  the  optical  den¬ 
sity  of  extracts  at  wavelengths  645  and 
663  millimicrons. 

Arnon’s  formula,  although  it  has  been 
widely  used  for  chlorophyll  studies,  is 
applicable  only  for  acetone  solutions  be¬ 
cause  of  the  solvent  effect  on  absorption 
coefficients,  MacKinney  (1941).  The  use 
of  methanol  for  the  extraction  of  chloro¬ 
phyll  from  apple  leaves  necessitates  a 
change  in  Arnon’s  formula  for  the  esti¬ 
mation  of  total  chlorophyll.  Using  Mac- 
Kinney’s  absorption  maxima  of  664  and 
651  millimicrons  with  K  values  of  74.5 
and  36.4  for  chlorophylls  a  and  b,  we 


have  modified  Arnon’s  formula  for 
chlorophyll  extracted  in  methanol. 

The  following  simultaneous  equations 
of  Arnon’s  with  appropriate  values  for 
methanol  as  a  solvent  are  presented. 

(2)  D664  =  74.5  Ca  +  18.3  Cb. 

(3)  D651  =  27.6  Ca  +  36.4  Cb. 

From  equation  (3): 

De51  -  36.4  Cb 

(4)  Ca  = - 

27.6 

Substituting  into  equation  (2)  and  solv¬ 
ing  for  Cb  we  obtain: 

(5)  Cb  =  0.0338  De51  -  0.0125  D0U4. 
Substituting  this  equation  for  Cb  in 
equation  (3)  and  solving  for  Ca: 

(6)  Ca  =  0.0165  D604  -  0.0083  D051. 
Therefore,  total  chlorophyll  in  g  /liter 
is: 

(7)  q  _ q  _j_  q 

C  =  0.0255  D65i  +  0.0040  D664 
or: 

(8)  C  =  25.5  D651  +  4.0  D664  mg  /liter  of 
chlorophyll  in  methanol. 

The  procedure  used  is  as  follows. 
Sampling  and  preparation  are  carried 
out  under  red  light.  Ten  to  30  discs  of 
11-12  mm  diameter  are  punched  from 
fresh  leaves  and  their  total  fresh  weight 
is  recorded.  The  discs,  covered  with 
watch  glasses,  are  left  for  15  to  18  hr  in 
50  ml  of  99.8%  methanol.  At  the  end 
of  this  time  the  chlorophyll  is  leached 
into  the  methanol,  leaving  the  discs 
practically  colorless.  Five  ml  of  the 
50  ml  methanol  extracts  are  measured 
at  651  and  664  millimicrons  in  a  Beck¬ 
man  model  DU  spectrophotometer.  Sub¬ 
stituting  the  density  values  (D)  of 
these  two  readings  in  equation  (8)  one 
can  estimate  the  methanol  soluble  chlor¬ 
ophyll  content  of  apple  leaves.  Results 
are  expressed  as  mg/disc,  mg/g  of  fresh 
wt,  or  mg/cm-  of  leaf  surface. 

Ozerol  (1964)  has  found  that  total 
chlorophyll  values,  as  described  above. 
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correlate  well  with  both  leaf  nitrogen 
and  spectral  reflectance  curves  of  intact 
leaves. 
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A  FIRST  REPORT  OF  AEDES  INFIRMATUS  DYAR  AND 

IvNAB  IN  ILLINOIS 

JACK  HAYES 


Center  for  Zoonoses  Research, 

Three  females  of  Aedes  infirmatus 
Dyar  and  Knab  were  collected  in  the 
Mermet  Waterfowl  Management  Area, 
Massac  County,  Illinois.  The  first  speci¬ 
men  was  collected  May  27,  1964  as  a 
part  of  an  intensive  study  of  the  ecology 
of  arthropod-borne  viruses  in  southern 
Illinois.  The  three  specimens  were  col¬ 
lected  as  they  came  to  feed  on  man. 
This  research  was  supported  by  U.  S. 


University  of  Illinois,  Urbana,  Illinois 

Public  Health  Service  Grant  No.  CC 
00037. 
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A  COLLECTION  OF  AMPHIBIANS  AND  REPTILES 

IN  SOUTHERN  ILLINOIS 

W.  D.  KLIMSTRA  and  MAX  HUTCHISON 
Cooperative  Wildlife  Research  Laboratory,  Southern  Illinois  University 
and  Grantsburg  Consolidated  School,  Grantsburg,  Illinois 


Abstract.  —  Fifty-seven  species  and 
subspecies  of  amphibians  and  reptiles 
were  collected  in  Johnson,  Massac,  Pope 
and  Pulaski  counties  in  southern  Illinois. 
New  county  records  were  established 
for  five  forms. 


During  the  past  several  years,  repre¬ 
sentatives  of  the  Cooperative  Wildlife 
Research  Laboratory  have  collected  am¬ 
phibians  and  reptiles  in  southern  Illi¬ 
nois  with  major  emphasis  on  the  two 
southern-most  tiers  of  counties.  This 
paper  reflects  collecting  primarily  in 
the  southern  tier  of  townships  (Cache, 
Vienna  and  Grantsburg)  of  Johnson 
County;  also  included  are  findings  for  a 


few  localities  in  Massac,  Pope  and  Pulas¬ 
ki  counties.  Emphasis  was  placed  on 
this  region  of  Johnson  County  because 
of  the  great  variety  of  habitats  afforded. 
In  many  respects  it  is  similar  to  the 
Pine  Hills  Area  in  Union  County  whose 
herpetofauna  has  been  reported  (Ross- 
man  1960). 

The  topography  of  this  region  rep¬ 
resents  the  Shawnee  Hills  section  of  the 
Interior  Low  Plateaus  Province  and  the 
Coastal  Plain  Province  (Leighton  et  al. 
1948).  Where  the  Shawnee  Hills  meet 
the  Coastal  Plain  Province  there  are 
extensive  rock  outcroppings  and  pre¬ 
cipitous  bluffs  at  the  bases  of  which 
are  springs  and  inconspicuous,  shallow 
caves.  The  adjacent  and  interior  bot¬ 
tomlands  feature  the  Cache  River  and 
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its  tributaries,  Bay  Creek,  and  several 
woodland  sloughs  the  largest  of  which 
is  Little  Black  Slough.  According  to 
forest  types  (Vestal  1931),  the  upland 
features  the  Southern  Division,  and  the 
bottomland,  the  Tertiary  Division.  Her- 
petofaunal  divisions  by  Smith  (1961) 
classify  the  upland  region  as  Shawnee 
Hills,  an  area  rich  in  number  of  species 
and  individuals,  and  the  lowland  as 
Austroriparian,  whose  herpetofauna  is 
strongly  influenced  by  forms  character¬ 
istic  of  the  Gulf  Coast.  As  evidenced  by 
the  above  ecological  divisions,  this  re¬ 
gion  of  southern  Illinois  provides  a  wide 
variety  of  faunal  niches.  Our  collection 
of  57  representatives  of  the  herpeto¬ 
fauna  substantiates  this  conclusion  as 
it  represents  over  50  per  cent  of  all  the 
forms  reported  for  the  entire  State 
(Smith  1961). 

A  total  of  55  collection  sites  were  in¬ 
cluded  (Table  1);  by  counties  these 
were:  Johnson  47,  Massac  3,  Pope  2, 
and  Pulaski  3. 

No  attempt  was  made  to  collect  every 
specimen  observed;  only  a  representa¬ 
tive  sample  was  actually  preserved.  In 
many  instances  where  only  a  few  speci¬ 
mens  were  found,  only  one  was  pre¬ 
served.  However,  in  some  cases  the 
number  collected  represented  all  that 
were  observed  or  that  could  be  cap¬ 
tured.  All  specimens  collected  and  pre¬ 
served  have  been  deposited  in  the  her- 
petological  collection  of  the  Cooperative 
Wildlife  Research  Laboratory  or  in  the 
collections  of  the  Department  of  Zo¬ 
ology. 

On  the  basis  of  the  numbers  observed 
and  collected,  an  indication  has  been 
made  of  the  relative  abundance  (com¬ 
mon,  uncommon,  rare)  of  each  species 
or  subspecies.  This  reflects  wide  occur¬ 
rence  (generally)  or  local  occurrence 
(locally)  with  reference  to  the  finding 
of  specific  forms  in  available  and  seem¬ 
ingly  suitable  habitats. 

In  the  list  of  representatives  which  fol¬ 
lows,  the  numbers  recorded  in  conjunc¬ 
tion  with  each  county  refer  to  the  col¬ 
lection  sites  with  the  same  numbers  as 
presented  in  Table  1.  Scientific  termi¬ 
nology  follows  that  of  Smith  (1961). 

LIST  OF  FORMS 

Caudata:  Fourteen  of  the  19  species  and 
subspecies  recorded  for  Illi¬ 
nois  (Smith  1961)  are  repre¬ 
sented  in  our  collection;  only 
Desmognatlius  fuscus,  which 


occurs  in  southern  Illinois 
(Rossman  1958),  was  not  re¬ 
corded. 

Cryptobranchus  alleganiensis  allegani- 
ensis  (Daudin) — Hellbender.  Massac 
County:  51.  Rare.  One  specimen  col¬ 
lected  near  Joppa  from  drift  wood  at 
edge  of  Ohio  River  by  Wayne  Greer, 
June  2,  1960.  Stein  and  Smith  (1959) 
reported  only  three  preserved  speci¬ 
mens  for  Illinois;  the  latest  record 
was  April  15,  1956  from  the  Ohio  Riv¬ 
er  near  Metropolis,  Massac  County. 

Amby stoma  maculatum  (Shaw)— Spot¬ 
ted  Salamander.  Johnson  County:  2; 
Massac  County:  48.  Locally  fairly 
common. 

Amby  stoma  opacum  (Gravenliorst)  — 
Marbled  salamander.  Johnson  Coun¬ 
ty:  2,  5,  12,  13,  22,  30,  38,  39;  Pope 
County:  52,  53;  Massac  County:  48. 
Locally  common. 

Amby  stoma  talpoicleum  (Holbrook)  — 
Mole  salamander.  Johnson  County: 
44;  Pope  County:  53;  Rare;  single 
specimen  from  each  of  the  counties. 
This  represents  the  first  record  for 
Pope  County;  Smith  (1961)  reported 
it  from  Alexander,  Jackson,  Union, 
and  Johnson  counties. 

Amby  stoma  texanum  (Matthes) — Small¬ 
mouthed  salamander.  Johnson  Coun¬ 
ty:  12,  46,  47;  Massac  County:  4S. 
Generally  uncommon. 

Amby  stoma  tigrinum  tigrinum  (Green) 
Eastern  tiger  salamander.  Johnson 
County:  6,  26.  Generally  uncommon. 

Notophthalmus  viridescens  louisianen- 
sis  ( Wolterstorff )  —  Central  newt. 
Johnson  County:  10;  Pope  County: 
52,  53.  Generally  uncommon. 

Eurycea  bislineata  rivicola  Mittleman 
— Midwest  two-lined  salamander.  Pope 
County:  52.  Locally  rare. 

Eurycea  longicauda  longicauda  (Green) 
— Long-tailed  salamander.  Johnson 
County:  1,  5,  9,  10,  12,  17;  Pope 

County:  52.  Fairly  common. 

Eurycea  lucifuga  Rafinesque  —  Cave 
salamander.  Johnson  County:  1,  5,  9, 
10,  13,  14,  17,  35,  39,  45;  Massac 
County:  48.  Common. 

Plethodon  dorsalis  Cope — Zigzag  sal¬ 
amander.  Massac  County:  48;  Pope 
County:  53.  Uncommon. 

Plethodon  glutinosus  glutinosus  (Green) 
— Slimy  salamander.  Johnson  County: 
1,  2,  5,  7,  9,  10,  12,  13,  14,  16,  22,  28, 
31,  47;  Massac  County:  48;  Pope 
County:  53.  Very  common. 

Necturus  maculosus  maculosus  ( Rafin¬ 
esque) — Mud  puppy.  Johnson  County: 
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6,  32.  Locally  fairly  common.  One 
adult  was  caught  by  E.  H.  Compton 
while  fishing  in  Cache  River;  there 
were  many  reports  of  previous  catches 
and  observations  by  fishermen  in  this 
river.  On  April  23,  1960,  the  junior 
author  collected  six  larvae  in  a  farm 
pond  which  contained  “hundreds”. 

Siren  intermedia  nettingi  Goin — -West¬ 
ern  lesser  siren.  Johnson  County:  11. 
Generally  rare. 

Salientia:  Twelve  of  21  representatives 
for  Illinois  as  reported  by  Smith 
(1961)  were  collected  by  us. 

Bufo  americanus  charlesmithi  Bragg — 
Dwarf  American  toad.  Johnson  Coun¬ 
ty:  11,  22;  Pope  County:  52.  Gen¬ 
erally  uncommon. 

Bufo  woodhousei  fowleri  Hinckley — 
Fowler’s  toad.  Johnson  County:  2, 
10,  12,  27,  47.  Very  common. 

Acris  crepitans  blanchardi  Harper — 
Blanchard’s  cricket  frog.  Johnson 
County:  1,  7,  10,  12,  15,  16,  19,  22, 

46,  47.  Very  common. 

Pseudacris  triseriata  feriarum  (Baird). 

Upland  chorus  frog.  Johnson  County: 
10,  19,  32,  38,  46,  47;  Pope  County: 
52,  53;  Pulaski  County:  55.  Fairly 
common. 

Hyla  avivoca  avivoca  Viosca — West¬ 
ern  bird-voiced  treefrog.  Johnson 
County:  11,  38.  Locally  fairly  com¬ 
mon.  This  represents  the  first  record 
for  this  county;  Smith  (1961)  re¬ 
ported  it  for  only  Alexander,  Union 
and  Jackson  counties. 

Hyla  cinerea  (Schneider)  Green  tree- 
frog.  Johnson  County:  11,  47.  Very 
rare  as  only  one  specimen  was  found 
in  each  locality.  This  is  believed  to 
be  the  first  record  from  this  county; 
Smith  (1961)  shows  it  for  only  Alex¬ 
ander  and  Union  counties. 

Hyla  crucifer  crucifer  Wied — North¬ 
ern  spring  peeper.  Johnson  County: 

47.  Generally  uncommon.  Seemingly 
there  is  an  almost  void  of  this  species 
in  the  central  sector  of  extreme  south¬ 
ern  Illinois. 

Hyla  versicolor  versicolor  Le  Conte — 
Eastern  gray  treefrog.  Johnson  Coun¬ 
ty:  3,  10,  11,  19,  46,  47.  Fairly  com¬ 
mon. 

Rana  areolata  circulosa  Rice  &  Davis 
— Northern  crayfish  frog.  Johnson 
County:  27.  Generally  rare;  only  one 
specimen  was  collected.  There  are 
few  records  for  extreme  southern 
Illinois  (Smith  1961). 

Rana  catesbeiana  Shaw  —  Bullfrog. 
Johnson  County:  7,  15,  28,  30;  Mas¬ 
sac  County:  49.  Generally  common. 
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Rana  clamitans  melanota  (Rafinesque) 
Green  frog.  Johnson  County:  33,  34, 
47.  Locally  uncommon. 

Rana  pipiens  sphenocephala  Cope. 
Southern  Leopard  frog.  Johnson 
County:  7,  8,  12,  18,  22,  28,  39,  47. 
Very  common. 

Testudines:  Seven  of  the  17  represen¬ 
tatives  reported  by  Smith  (1961)  for 
Illinois  were  recorded  by  us;  how¬ 
ever,  we  did  not  make  deliberate 
effort  to  collect  turtles. 

Chelydra  serpentina  serpentina  (Lin¬ 
naeus)  Common  snapping  turtle. 
Johnson  County:  11,  32,  46,  47.  Lo¬ 
cally  very  common. 

Sternothaerus  odoratus  (Latrielle)  — 
Musk  turtle.  Johnson  County:  11,  30, 
47.  Locally  fairly  common. 

Kinosternon  subrubrum  subrubrum 
(Lacepede)  • — Mud  turtle.  Johnson 
County:  2,  11,  30,  47.  Locally  fairly 
common.  This  probably  represents 
the  first  record  for  this  county  and 
one  of  very  few  records  for  southern 
Illinois  (Smith  1961). 

Terrapene  Carolina  Carolina  (Linnaeus) 
— Eastern  box  turtle.  Johnson  Coun¬ 
ty:  2,  32.  Generally  very  common. 

Chrysemys  picta  marginata  Agassiz — 
Midland  painted  turtle.  Johnson 
County:  11,  30,  32,  47.  Locally  fairly 
common. 

Pseudemys  script  a  elegans  (Wied )  — 
Red-eared  turtle.  Johnson  County: 
11,  30,  47.  Locally  fairly  common. 

Trionyx  spinifer  spinifer  Le  Sueur — 
Eastern  spiny  softsliell.  Johnson 
County:  32.  Locally  fairly  common. 

Squamata  (Sauria)  :  Five  of  six  repre¬ 
sentatives  reported  for  Illinois  (Smith 
1961)  were  collected. 

Sceloporus  undulatus  hyacinthinus 
(Green)  Northern  fence  lizard.  John¬ 
son  County:  1,  2,  27,  28,  32;  Pope 
County:  53;  Pulaski  County:  55. 

Generally  very  common. 

Gnemidophorus  sexlineatus  sexlineatus 
(Linnaeus)  —  Six-line  racerunner. 
Johnson  County:  27,  32,  38.  Locally 
fairly  common.  These  records  repre¬ 
sent  the  first  for  this  county;  Smith 
(1961)  reports  it  in  this  area  only 
from  counties  bordering  the  Ohio 
River  in  extreme  southeastern  Illi¬ 
nois. 

Scincella  laterale  (Say) — Ground  skink. 
Johnson  County:  2,  10,  14,  15,  25,  27. 
Generally  very  common. 

Eumeces  fasciatus  (Linnaeus) — Five- 
lined  skink.  Johnson  County:  9,  15, 
26,  27,  32,  37;  Massac  County:  50. 
Locally  very  common. 
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Eumeces  laticeps  (Schneider)  Broad- 
headed  skink.  Johnson  County:  2. 
Generally  uncommon. 

Squamata  (Serpentes):  Nineteen  of  46 
species  and  subspecies  reported  by 
Smith  (1961)  for  Illinois  were  rep¬ 
resented  in  our  collection. 

Carphophis  amoenus  helenae  (Kenni- 
cott) — Midwest  worm  snake.  Johnson 
County:  1,  13,  34.  Generally  fairly 
common. 

Farancia  abacura  reinwardti  Schlegel 
— Western  mud  snake.  Johnson  Coun¬ 
ty:  11.  Generally  uncommon. 

Diadophis  punctatus  edwardsi  (Mer- 
rem)  Northern  ringneck  snake.  John¬ 
son  County:  13;  Pope  County:  53. 
Generally  uncommon. 

Heterodon  platyrhinos  Latrielle — East¬ 
ern  hognose  snake.  Johnson  County: 
15,  21.  29.  Generally  fairly  common. 

Opheodrys  aestivus  (Linnaeus)  Rough 
green  snake.  Johnson  County:  20, 
21,  40.  Generally  fairly  common. 

Coluber  constrictor  priapus  x  flaviven- 
tris  Say  —  Eastern  yellow-bellied 
racer.  Johnson  County:  3,  26;  Mas¬ 
sac  County:  48.  Generally  very  com¬ 
mon. 

Elaphe  obsoleta  spiloides  Dumeril, 
Bibron,  &  Dumeril — Gray  rat  snake. 
Johnson  County:  22,  23,  27.  Gener¬ 
ally  very  common. 

Lampropeltis  calligaster  calligaster 
(Harlan) — Prairie  kingsnake.  John¬ 
son  County:  47;  Massac  County:  50. 
Generally  rare.  Seemingly  this  is  the 
first  record  for  Johnson  County. 

Lampropeltis  getulus  niger  (Yarrow)  — 
Black  kingsnake.  Johnson  County: 
13,  29;  Pope  County:  52.  Generally 
fairly  common. 

Lampropeltis  triangulum  syspila  (Cope) 
Red  milk  snake.  Massac  County:  48. 
Generally  rare. 

Thamnophis  sirtalis  sirtalis  (Linnaeus) 
Eastern  garter  snake.  Johnson  Coun¬ 
ty:  27;  Pulaski  County:  55.  Locally 
fairly  common. 

Virginia  valeriae  elegans  (Kennicott) 
— Western  earth  snake.  Johnson 
County:  2.  Generally  rare. 


Storerici  occipitomaculata  occipitomac- 
ulata  (Storer) — Northern  red-bellied 
snake.  Johnson  County:  2,  5.  Gen¬ 
erally  uncommon. 

Natrix  eryfhrog  aster  neglecta  Conant 
— Red-bellied  water  snake.  Johnson 
County:  7,  23,  37.  Locally  common. 

Natrix  rhombifera  rhombifera  (Hallo- 
well) — Diamond-backed  water  snake. 
Johnson  County:  8,  30,  33,  39;  Massac 
County:  49.  Locally  common. 

Natrix  sipedon  pleuralis  Cope — Mid¬ 
land  water  snake.  Johnson  County: 
2,  18,  36.  Locally  fairly  common. 

Agkistroclon  piscivorus  leucostomus 
(Troost)  Western  cottonmouth.  John¬ 
son  County:  11,  30,  47.  Locally  fair¬ 
ly  common. 

Agkistroclon  contortrix  mokeson  (Dau- 
din)  Northern  copperhead.  Johnson 
County:  2,  27,  32,  39,  41,  43.  Gen¬ 
erally  fairly  common. 

Crotalus  horridus  horriclus  Linnaeus 
— Timber  rattlesnake.  Johnson  Coun¬ 
ty:  42.  Generally  uncommon. 
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Table  I. — Herpetofauna  Collecting  Sites  and  Their  Specific  Locations,  South¬ 
ern  Illinois. 


Johnson  Comity 


1. 

Nelson  Spring 

— T.  13S, 

R. 

4E, 

SW!4 

of 

Sec.  17. 

2. 

Little  Stoney  Bluff 

— T.  13S, 

R. 

3E, 

SEVi 

of  I 

SW!4  of  Sec. 30. 

3. 

Prichard  Farm 

— T.  13S, 

R. 

3E, 

NW% 

of 

SW4  of  Sec.  10. 

4. 

Belknap  Road 

— T.  13S, 

R. 

3E, 

NWVi 

of 

Sec.  33. 

5. 

Bird  Spring 

-T.  13S, 

R. 

3E, 

swy4 

of 

SW44  of  Sec.  31. 

6. 

Begg  Pond 

— T.  13S, 

R. 

2E, 

NE!4 

of 

Sec.  7. 

7. 

White  Hill  Quarry 

— T.  14S, 

R. 

2E, 

SW!4 

of 

Sec.  5. 

8. 

Dick  Pond 

-T.  14S, 

R. 

2E, 

NEy4 

of 

NE44  of  Sec.  12. 

9. 

Spout  Spring 

— T.  14S, 

R. 

2E, 

SW!4 

of 

NE14  of  Sec.  1. 

10. 

Sander  Spring- 

-T.  13S, 

R. 

3E, 

NEh 

of 

NW!4  of  Sec.  21. 

11. 

Little  Black  Slough 

— T.  13S, 

R. 

2E, 

NE 14 

of 

Sec.  35. 

12. 

Kaiser  Farm 

— T.  14S, 

R. 

2E, 

NE44 

of 

NW14  of  Sec.  10. 

13. 

Case  Bluff 

— T.  13S, 

R. 

3E, 

SW14 

of 

NE44  of  Sec.  21. 

14. 

Trovillion  Spring 

— T.  13S, 

R. 

4E, 

NW14 

of 

NW!4  of  Sec.  13. 

15. 

Sico  Spring 

— T.  13S, 

R. 

3E, 

swy4 

of 

Sec.  15. 

16. 

Anderson  Spring 

— T.  13S, 

R. 

3E, 

SW!4 

of 

NW14  of  Sec.  10. 

17. 

Fitche  Spring 

— T.  13S, 

R. 

4E, 

NW14 

of 

SE14  of  Sec.  27. 

18. 

Farm  Pond. 

— T.  13S, 

R. 

2E, 

Sec.  18. 

19. 

Mathis  Pond 

— T.  13S, 

R. 

3E, 

SE14 

of 

swy4  Of  Sec.  32. 

20. 

Route  146 

— T.  13S. 

R. 

4E, 

SW14 

of 

Sec.  6. 

21. 

Gravel  Road 

— T.  13S, 

R. 

3E, 

SEi/i 

of 

Sec.  10. 

22. 

Moffort  Bluff 

— T.  13S, 

R. 

2E, 

NE14 

of 

SEy4  of  Sec.  26. 

23. 

Paine  Place 

— T.  13S, 

R. 

2E, 

NE14 

of 

Sec.  35. 

24. 

Morse  Pond 

— T.  14S, 

R. 

2E, 

NEi/i 

of 

Sec.  2. 

25. 

Reevesville  Cemetery 

— T.  13S, 

R. 

4E, 

NW14 

of 

SEVi  of  Sec.  36. 

26. 

Mescher  Spring 

-T.  14S, 

R. 

2E, 

N  E 14 

of 

Sec.  2. 

27. 

Belknap 

— T.  14S, 

R. 

2E, 

swy4 

of 

Sec.  1. 

28. 

Veacli  Hollow 

— T.  13S, 

R. 

3E, 

SW44 

of 

Sec.  14. 

29. 

Old  Metropolis  Road 

— T.  13S, 

R. 

3E, 

SW!4 

of 

NWy4  of  Sec.  10. 

30. 

Levee  Slough 

— T.  13S, 

R. 

3E, 

SW14 

of 

NE!i  of  Sec.  31. 

31. 

Wick  Hill 

— T.  13S. 

R. 

2E, 

NE44 

of 

SE!4  of  Sec.  26. 

32. 

Foreman  Junction 

-T.  13S, 

R. 

3E, 

NE!4 

of 

Sec.  31. 

33. 

Mulkey  Pond 

— T.  13S, 

R. 

2E, 

NE14 

of 

SE44  of  Sec.  34. 

34. 

Pipe  Spring 

— T.  12S, 

R. 

3E, 

NW44 

of 

Sec.  18. 

35. 

Dripping  Spring 

— T.  12S, 

R. 

3E, 

nwv; 

of 

Sec.  18. 

36. 

Prichard  Farm 

-T.  13S, 

R. 

3E, 

SE14 

of 

Sec.  9. 

37. 

Marshall  Pond 

— T.  14S, 

R. 

2E, 

SE44 

of 

Sec.  12. 

38. 

Heron  Pond 

T.  13S, 

R. 

3E, 

Nwy4 

of 

SW14  of  Sec.  30. 

39. 

High  Banks 

— T.  13S, 

R. 

3E, 

NW14 

of 

SW14  of  Sec.  31. 

40. 

Merchant  Farm 

-T.  13S, 

R. 

3E, 

Nwy4 

of 

Sec.  32. 

41. 

Main  Bros. 

— T.  13S, 

R. 

3E, 

NE14 

of 

SE14  of  Sec.  30. 

42. 

Huckleberry  Hollow 

— T.  13S, 

R. 

3E, 

NW14 

of 

Sec.  34. 

43. 

Route  45 

— T.  13S, 

R. 

3E, 

NW14 

of 

SE!4  of  Sec.  28. 

44. 

Thorne  Pond 

— T.  13S, 

R. 

3E, 

NW14 

of 

SW14  of  Sec.  31. 

45. 

Mason  Cave 

— T.  14S, 

R. 

2E, 

NE14 

of 

Sec.  6. 

46. 

Belknap  Road 

— T.  14S, 

R. 

3E, 

NW14 

of 

Sec.  6. 

47. 

Cypress  Swamp 

— T.  13S, 

R. 

4E, 

NE14 

of 

Sec.  14. 

Massac  County 

48. 

Cagle  Spring 

— T.  14S, 

R. 

4E, 

NE% 

of 

Sec.  10. 

49. 

Black  Bottoms 

-T.  16S, 

R. 

6E, 

SE% 

of 

Sec.  23. 

50. 

Metropolis 

-T.  16S, 

R. 

4E, 

SW14 

of 

Sec.  2. 

51. 

Joppa 

— T.  15S. 

R. 

3E, 

swy4 

of 

Sec.  24. 
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Pope  County 

52.  Jackson  Hollow  — T.  11S,  R.  5E,  S14  of  Sec.  31. 

53.  Stafford  Bluff  — T.  13S,  R.  5E,  SW14  of  Sec.  29. 


54.  Farm  Pond 

55.  Main  Bros.  Sawmill 


Pulaski  County 


— T.  14S,  R. 
— T.  14S,  R. 


2E,  NE!4of  Sec.  30. 

2E,  NW44  of  SE %  of  Sec.  15. 
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PRESIDENTIAL  ADDRESS 


WHERE  ARE  WE  HEADED? 

HOWARD  W.  GOULD 

Northern  Illinois  University,  DeKalb 


As  I  stand  at  the  end  of  my  teach¬ 
ing  career  of  some  45  years,  I  feel 
that  some  personal  opinions  and  gen¬ 
eral  impressions  of  educational 
trends  and  problems  in  science 
teaching  may  be  of  more  interest 
and  value  to  the  Academy  than  the 
description  of  a  specific  line  of  re¬ 
search.  In  view  of  curricular 
changes,  the  present  overcrowding 
of  schools,  and  the  recognized  impor¬ 
tance  of  education  in  America,  I 
doubt  if  there  will  ever  be  a  more 
appropriate  time  to  do  this. 

In  the  last  decade,  college  enroll¬ 
ments  have  grown  from  about  two 
millions  to  about  4.5  millions,  with 
about  seven  millions  predicted  for 
1970.  This,  of  course,  is  due  to  popu¬ 
lation  increase  which  reached  a  peak 
in  accelerated  growth  about  18 
years  ago,  also  due  to  the  fact  that 
the  proportion  of  high  school  gradu¬ 
ates  who  enter  college  is  increasing 
to  a  present  value  of  about  60%. 
Most  of  this  increase  will  be  assumed 
by  the  public  colleges  and  universi¬ 
ties  and  junior  colleges,  rather  than 
by  the  private  schools  who  will  con¬ 
tinue  to  pick  and  limit  their  enroll¬ 
ments. 

In  America  we  have  sought  12 
years  of  education  as  being  the  right 
of  everyone  who  is  capable  of  it  and 
wants  it.  Now  public  opinion  tends 
to  extend  this  to  14  years,  or  to  in- 
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elude  two  years  of  additional  train¬ 
ing  beyond  high  school.  Professions 
which  once  called  for  high  school  di¬ 
plomas  now  call  for  college  training 
and  specialization  beyond.  The  limit 
to  what  the  people  want  and  will  pay 
for  remains  yet  to  be  seen. 

Now  science  is  involved  in  this 
growth,  along  with  all  the  other  dis¬ 
ciplines,  since  it  is  now  included  in 
the  educational  curriculum  as  con¬ 
tributing  to  the  culture  and  satis¬ 
factory  life  of  the  educated  person. 
More  recently  when  the  Russians 
startled  us  with  their  first  satellite, 
Sputnik,  everyone  suddenly  became 
interested  in  comparing  our  educa¬ 
tional  system  with  that  of  the  So¬ 
viets.  The  implication  was  that  we 
should  expect  our  children  to  learn 
more  of  everything,  and  more  sci¬ 
ence  in  particular. 

How  much  science  do  we  require 
of  all  our  students  in  American  col¬ 
leges?  Well,  a  recent  survey  of  65 
selected  schools  reveals  that  two  to 
four  semesters  of  science  are  usually 
prescribed  under  general  education. 
Such  requirements  fall  under  two 
general  choices:  (1)  selection  of  one 
or  more  laboratory  courses  in  the 
sciences  which  are  also  taken  by  ma- 
jors  and  minors,  and  (2)  special  ab¬ 
breviated  or  cross-disciplinary  se¬ 
quences  which  are  more  or  less  inte¬ 
grated  and  terminal  in  treatment. 
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These  courses  are  under  continuous 
scrutiny  and  revision.  With  apology 
to  the  biological  sciences,  I  shall  in¬ 
dicate  trends  chiefly  in  the  physical 
sciences  with  which  I  am  identified 
by  direct  experience. 

Chemistry  and  physics  have  been 
taught  both  separately  and  as  com¬ 
bined  physical  science  with  and  with¬ 
out  inclusions  of  illustrative  material 
from  geology  and  astronomy.  The 
emphasis  has  shifted  from  a  survey 
of  many  topics  to  the  selection  of 
a  few,  then  to  a  few  basic  principles 
with  applications  from  selected  ele¬ 
ments  and  areas.  In  some  cases,  all 
the  sciences  and  mathematics  have 
been  included  in  a  more  or  less  inte¬ 
grated  sequence  and  presented  by 
several  instructors.  My  experience 
with  such  courses  leads  to  the  belief 
that  a  minimum  of  eight  semester 
hours  should  be  devoted  to  a  physical 
science  combination  if  a  fair  ac¬ 
quaintance  with  the  area  is  to  be 
attained.  There  is  increasing  favor 
toward  such  a  sequence  rather  than 
abbreviated  separate  courses  in 
chemistry  and  physics.  But  lack  of 
interest  or  fear  or  loss  of  students 
by  a  single  department  explains  the 
slow  change. 

The  manner  in  which  such  courses 
are  offered  varies  along  the  lines 
of  lecture  and  laboratory  sections, 
or  lecture-demonstration  and  visual 
aids  with  optional  laboratory  or 
without  it.  More  recently,  closed- 
circuit  television  has  been  used  for 
large  numbers  of  students  in  dif¬ 
ferent  rooms.  The  success  of  this 
last  innovation  depends  heavily  on 
the  care  and  skill  with  which  the  lec¬ 
turer  makes  his  presentations.  The 
requirements  are  of  a  high  order, 
comparable  to  those  for  a  successful 


sound  movie  program,  like  the  Bax¬ 
ter  series  in  chemistry  or  the  White 
series  in  physics.  Attempts  to  meas¬ 
ure  the  relative  efficiency  of  different 
methods  of  presentation  indicate  that 
the  method  used  is  less  significant 
than  the  skill  of  the  instructor  and 
his  success  as  compared  to  that  of 
other  instructors. 

I  refer  now  to  courses  for  physics 
and  chemistry  which  are  set  up  for 
majors  and  those  in  related  fields. 
The  content,  scope,  and  treatment  of 
these  also  have  been  undergoing 
change.  In  high  school,  the  original 
intent  was  college  preparation.  Since 
most  students  then  did  not  go  on 
to  college,  more  practical  terminal 
courses  were  devised.  And  now, 
more  recently,  the  prevalent  idea  is 
not  to  include  any  number  of  topics 
but  to  emphasize  general  properties, 
energy  change,  and  atomic  and  mo¬ 
lecular  structure,  as  in  the  PSSC 
program  in  physics,  and  the  CHEM 
study  and  the  chemical  bond  ap¬ 
proach  (CBA)  in  chemistry.  In  col¬ 
lege,  introductory  chemistry  and 
physics  likewise  have  been  undergo¬ 
ing  extensive  change.  General  phys¬ 
ics  has  comprised  anywhere  from  one 
to  two  years  of  time,  involving  the 
use  of  varying  amounts  of  calculus, 
with  more  time  spent  on  atomic  phys¬ 
ics  and  less  regard  for  covering  all 
areas  such  as  acoustics  or  fluids. 
General  chemistry  now  emphasizes 
atomic  structure  and  the  nature  of 
chemical  bonding,  energy  and  chemi¬ 
cal  equilibria,  and  colligative  proper¬ 
ties  of  solutions.  The  laboratory 
work  includes  more  quantitative  ex¬ 
periments  and  increased  use  of  mod¬ 
ern  instrumentation.  In  short,  it 
includes  much  material  which  once 
was  confined  to  courses  in  physical 
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chemistry,  quantitative  analysis,  and 
atomic  physics.  All  this  is  by  way 
of  adjustment  to  what  has  been  go¬ 
ing1  on  in  high  school  chemistry  and 
in  advanced  college  courses. 

Opportunity  is  now  provided  for 
high  school  graduates  of  exceptional 
ability  or  training  to  elect  honor 
sections  in  college,  or  to  by  pass  one 
or  two  semesters  of  introductory 
courses  by  proficiency  examinations. 
Incidentally,  college  entrance  re¬ 
quirements  are  gradually  being 
raised  in  the  public  institutions  as 
well  as  in  private  schools.  So  that 
those  in  the  lower  half  or  so  of  the 
high  school  diploma  graduates  must 
pass  entrance  tests  to  be  eligible  for 
admission.  Reasonable  standards  of 
reading,  writing,  and  speaking  abil¬ 
ity  are  more  and  more  required  for 
college  entrance.  The  responsibility 
for  correcting  deficiencies  in  these 
respects  is  left  to  the  elementary  and 
secondary  levels.  There  is  also  the 
fair  certainty  that  more  equal  edu¬ 
cational  opportunity  for  minority 
groups  will  soon  be  effected,  as  for 
the  Negro  in  the  southern  states,  so 
that  the  success  of  these  in  college 
will  be  more  likely.  Post  graduate 
high  school  work,  trade  schools,  and 
junior  colleges  are  already  coming 
to  be  likely  places  for  successful 
work  immediately  beyond  high  school 
graduation. 

The  increase  in  college  enrollment 
calls  for  teachers  to  be  trained  for  it. 
An  earned  Ph.D.  is  practically  a  pre¬ 
requisite  for  upper  rank  college 
teaching.  The  number  of  institutions 
offering  the  Ph.D.  has  increased 
markedly  in  the  last  40  years,  and 
the  number  of  degrees  per  year  has 
increased  from  about  8000  in  1925  to 
about  25,000  now.  The  rate  of  in¬ 


crease  in  recent  years  is  more  sharp¬ 
ly  upward.  Of  this  total,  roughly 
about  one-fifth  are  in  the  physical 
sciences.  But,  considering  that  many 
go  into  industrial  research  work, 
there  are  fewer  available  for  college 
teaching  positions  —  particularly  in 
physics  and  mathematics. 

May  I  now  comment  on  a  few  as¬ 
pects  which  I  think  need  improve¬ 
ment.  Ph.D.s  in  college  teaching  are 
frequently  in  an  atmosphere  where 
the  emphasis  is  solely  on  scholarly 
research.  This  is  particularly  true 
in  growing  institutions  where  gradu¬ 
ate  programs  are  just  getting  under 
way.  Promotions  in  salary  and  rank 
are  too  often  based  primarily  on  pro¬ 
ductive  scholarship  as  evidenced  by 
the  number  of  publications.  Those 
interested  in  teaching  are  in  danger 
of  being  by -passed,  no  matter  how 
good  they  are,  unless  they  are  also 
productive  scholars  to  the  extent  of 
adding  to  the  flood  of  routine  and 
often  mediocre  scientific  literature. 

One  of  the  principal  functions,  if 
not  the  chief  one,  of  a  university  is 
teaching.  By  teaching,  I  mean  any 
and  all  ways  in  which  information 
is  imparted.  It  is  personally  deliv¬ 
ered  by  the  staff  in  lecture,  quiz, 
seminar,  laboratory,  and  individual 
conference.  In  the  mind  of  the  stu¬ 
dent,  any  school  is  good  or  bad  chief¬ 
ly  in  terms  of  the  atmosphere  he  ex¬ 
periences  from  his  professors  and 
staff  in  general.  I  do  not  mean  to 
imply  that  more  attention  should  be 
given  to  teaching  at  the  expense  of 
research.  Actually  the  two  are  com¬ 
plimentary.  Teaching  is  strength¬ 
ened  by  research.  And  there  is  no 
substitute  for  thorough  grounding 
in  a  discipline.  It  is  just  that  any 
Ph.D.  who  expects  to  work  in  an 
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educational  institution  should  in¬ 
clude  teaching  assistantship  work  in 
his  training  program.  Excellence  in 
teaching  should  be  rewarded  on  a 
par  with  excellence  in  technical  re¬ 
search  ability. 

Relative  to  the  teaching  function 
in  a  growing  institution,  there  is 
the  pressure  to  keep  down  per  capita 
cost  of  instruction  in  various  ways. 
Among  these  devices  are  the  giant- 
size  lecture  sections,  and  the  use  of 
as  few  cpiiz  and  problem  sessions  as 
possible  and  supervised  by  junior 
staff  or  graduate  assistants.  This 
means  less  personal  contact  between 
the  student  and  the  senior  staff. 
This  system,  although  not  as  ideal 
as  that  in  a  smaller  school,  is  not 
too  bad  if  the  junior  staff  is  compe¬ 
tently  supervised  and  coached  in 
teaching  procedure.  A  graduate  as¬ 
sistant  should  not  be  compelled  to 
choose  between  doing  a  good  job  at 
his  research  and  preparing  for  his 
degree  examinations  on  the  one  hand, 
and  teaching  and  counselling  his 
students  on  the  other.  All  too  fre¬ 
quently  he  cannot  do  both  success¬ 
fully.  1  am  disturbed  by  the  report 
at  Northern  that  there  is  an  in¬ 
creasing  number  of  transfer  students 
to  and  from  other  schools.  One  ex¬ 
planation  for  this,  presumably,  is 
an  unfriendly  or  unsympathetic 
teaching  atmosphere. 

Members  of  the  Academy  have 
been  concerned  about  the  lack  of 
science  background  of  many  high 
school  science  teachers,  particularly 
those  teaching  chemistry  and  phys¬ 
ics.  Much  progress  has  been  made  to 
correct  this  in  Illinois  in  recent  years, 
due  to  consolidation  and  to  raised 
standards.  1  want  to  call  attention 
here  to  elementary  education.  The 


State  course  calls  for  science 
throughout  the  elementary  grades. 
But  the  extent  to  which  a  good  sci¬ 
ence  program  can  be  implemented 
depends  on  the  science  backgrounds 
of  the  teachers.  In  my  opinion,  the 
elementary  education  major  has  too 
little  opportunity  to  acquire  an  ade¬ 
quate  science  background  in  the  usu¬ 
al  elementary  curriculum  which  is 
heavily  loaded  with  professional 
courses.  While  I  do  not  disparage 
methodology,  I  do  insist  that  there 
is  no  substitute  for  grounding  in  an 
area,  be  it  narrow  or  broad.  A  schol¬ 
ar  with  no  grasp  of  how  to  deal  with 
youngsters  and  how  to  put  his  sub¬ 
ject  matter  across  to  them  makes  a 
poor  teacher.  But  he  is  not  so  mis¬ 
leading  and  pathetic  as  one  who 
knows  all  about  how  to  teach  but 
has  nothing  to  teach.  A  reasonable 
balance  of  the  two  is  in  order.  In 
Illinois,  the  responsibility  for  cur¬ 
riculum  improvement  centers  pri¬ 
marily  at  schools  of  education  in 
the  State  colleges.  For  the  Office 
of  the  Superintendent  of  Public  In¬ 
struction  now  accepts  for  teacher 
certification  the  curricula  set  up  by 
the  schools  whose  business  it  is  to 
train  teachers.  Those  trained  else¬ 
where  must  satisfy  the  requirements 
set  up  by  the  State  Office. 

There  is  general  concern  about  im¬ 
plementing  curricular  change.  In 
smaller  institutions,  this  is  handled 

by  faculty  committees  working  with 
«/  */  ~ 

the  dean  or  president.  In  larger 
ones,  direct  faculty  participation  be¬ 
comes  unwieldy,  and  it  is  difficult 
or  impossible  to  arrive  at  any  con¬ 
sensus.  Consequently,  the  major 
portion  of  the  task  falls  to  general 
councils,  senates,  deans,  and  upper 
cabinets  in  a  university  hierarchy. 
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Vested  interests  and  log-rolling  tac¬ 
tics  are  omnipresent,  which  means 
that  administrators  must  assume 
more  and  more  responsibility  for 
seeing  to  it  that  curricular  and 
course  development  keep  fairly  con¬ 
sistent  with  expert  and  general  opin¬ 
ion.  This  calls  for  well  grounded 
disciplinary  training  and  due  regard 
for  democratic  procedure  on  the  part 
of  the  administration. 

Another  problem  relates  to  the 
facilities  used  in  instruction.  Rapid 
expansion  calls  for  systematic  long¬ 
time  planning.  Assuming  that  the 
necessary  capital  is  forthcoming, 
about  four  years  is  needed  to  analyze 
needs,  plan,  design,  construct,  and 
to  equip  a  major  building  and  move 
into  it.  Frequent  change  of  program 
calls  for  construction  of  inner  par¬ 
titions  and  layout  of  facilities  to 
permit  readaption  to  new  uses  at 
minimum  expense. 

In  the  matter  of  mass  instruction 
in  large  sections  referred  to  above, 
lecture  demonstrations  are  more 
needed,  particularly  where  individ¬ 
ual  laboratory  work  is  optional  or 
omitted  entirely.  There  is  usually 
a  shortage  of  class  and  lecture  room 
space  on  the  campus,  so  most  large 
lecture  rooms  where  demonstrations 
are  held  are  used  by  other  classes 
most  of  the  scheduled  hours  of  the 
day  and  night.  Facilities,  therefore, 
must  provide  for  the  setting  up  of 
equipment  and  materials  on  portable 
desks  which  can  shuttle  back  and 
forth  between  service  and  lecture. 
Visual  aid  equipment  should  be,  so 
far  as  possible,  readily  operable  by 
the  instructor  without  the  aid  of 
assistants.  “Foreign”  instructors 
and  students  should  not  tamper  with 


equipment  left  set  up  for  use  by 
another  instructor.  Each  should  be 
alert  to  the  needs  of  others  also  us¬ 
ing  the  room.  AH  this  is  not  easy, 
and  far  from  ideal  for  the  demon¬ 
strator.  But  his  painstaking  work 
adds  immeasurably  to  the  value  of 
the  course  for  the  students.  As  I 
look  back  on  my  own  training,  I 
realize  that  some  of  the  best  instruc¬ 
tion  I  experienced  was  due  to  well- 
organized  and  demonstrated  lectures. 
The  excellent  work  of  Richard  Sut¬ 
ton  in  physics  and  of  Hubert  Alvea 
in  chemistry,  along  with  that  of 
many  others,  is  noteworthy  in  this 
connection.  May  such  as  they  not 
become  extinct. 

The  testing  program  used  in  these 
mass  education  sections  also  has 
problems.  Objective  forms  of  tests 
have  largely  replaced  those  of  the 
essay  type,  due  to  lack  of  time  and 
staff.  Certainly,  one  important  fac¬ 
tor  in  good  instruction  is  the  quality 
and  dependability  of  the  tests  used. 
Much  is  needed  for  the  construction 
of  a  standardized  test  which  is  fairly 
free  from  ambiguous  statements. 
There  is  also  the  problem  of  mini¬ 
mizing  opportunity  for  student 
cheating.  Over  all  the  testing  there 
hangs  the  question,  what  am  I  try¬ 
ing  to  measure,  and  how  well  am 
I  doing  it  ? 

These  are  some  of  the  educational 
problems  that  1  have  been  engaged 
in  and  which  I  think  are  significant 
and  important.  If  I  were  just  now 
starting  in  again,  I  am  sure  that  1 
would  find  more  and  better  chal¬ 
lenges  than  I  found  45  years  ago.  1 
believe  that  we  are  just  really  get¬ 
ting  started  in  this  business  of  learn- 
ing. 

Presented  April  23,  1963. 
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Abstract.— Organs  of  the  larval  ax¬ 
olotl  were  grown  either  singly  or  in 
various  combinations  in  watch  glass 
cultures  for  21  clays.  Testis,  mesone¬ 
phros,  brain,  spleen,  pancreas,  heart, 
ovary  and  liver,  when  grown  alone,  were 
each  well  maintained  except  for  the 
liver.  Combinations  of  ovary  and  testis 
resulted  in  suppression  of  germinal  cells 
of  the  ovary.  Testes,  when  grown  with 
mesonephros,  showed  lumina  in  some  of 
the  seminiferous  tubules.  Testes  and 
other  organs,  when  paired,  were  similar 
to  the  same  organs  grown  alone.  Ovaries, 
paired  with  mesonephros,  spleen,  or 
brain,  had  fewer  degenerating  ovocytes 
and  proliferation  of  young  germ  cells 
and  non-germinal  elements.  Ovarian 
tissue  was  destroyed  by  pancreas,  and 
when  paired  with  liver,  neither  organ 
was  well  maintained. 

The  in  vitro  cultivation  of  tissues 
and  organs  from  cold-blooded  verte¬ 
brates  has  been  attempted  by  several 
investigators.  Wilde  (1950,  1955) 
and  Wolf  and  his  co-workers  (1957, 
1960)  have  maintained  cells  and  tis¬ 
sues  of  fishes  and  amphibians.  Foote 
and  Foote  (1958,  1959,  1961,  1962) 
have  used  a  number  of  amphibian 
species  to  study  the  development  of 
the  reproductive  system  in  vitro. 
The  present  paper  is  a  report  of  ef¬ 
forts  to  cultivate  tissues  and  organs 
from  the  axolotl  (Sired on  mexiean- 
um),  and  to  determine  whether 
there  is  any  beneficial  result  from 
growing  two  different  organs  to¬ 
gether. 

Materials  and  Methods 

Larval  stages  of  the  axolotl,  4  to 
5  months  of  age,  each  with  a  total 


body  length  of  10-12  cm.,  were  used. 
These  larvae  were  placed  for  24 
hours  in  large  finger  bowls  contain¬ 
ing  solutions  of  sulfadiazine  and 
streptomycin  in  an  attempt  to  make 
them  bacteriologically  sterile.  To  re¬ 
move  the  organs  for  culturing,  the 
animals  were  decapitated  and  pinned 
out  in  sterile  wax-filled  dissecting 
pans.  Care  was  taken  not  to  rup¬ 
ture  the  gut  since  the  antibiotics 
were  not  ingested  in  observable 
amounts  by  the  larvae.  Organs  were 
dissected,  cut  into  small  pieces  for 
explanting  into  culture,  and  placed 
in  Tyrode’s  solution  diluted  2  :1  with 
double  distilled  water.  Culture  meth¬ 
ods  employed  were  those  of  Wolff 
and  Haffen  (1952),  modified  for  am¬ 
phibian  tissues.  The  culture  medium 
was  as  follows : 

Tyrode’s  solution  (2:1) 

Chick  embryo  extract  (EE50) 

Distilled  water 
Agar-agar  ( 1  %  ) 

Penicillin  &  Mycostatin 

Those  components  were  put  into 
sterile  embryologic  watch  glasses 
and  allowed  to  solidify.  The  ex- 
plants  were  then  placed  on  the  solid 
substrate,  usually  5  or  6  explants  ar¬ 
ranged  in  a  circular  pattern  for  cul¬ 
ture  of  single  organ  pieces.  In  the 
case  of  the  “sandwich”  prepara¬ 
tions,  the  ovary  was  cut  transversely 
into  a  number  of  sections  and  small 
pieces  of  other  organs  were  placed 
inside  the  ovarial  cavity  before  put¬ 
ting  the  combination  on  the  medium. 


3  parts 

3  parts 

4  parts 

5  parts 
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The  two  organs  were  thus  main¬ 
tained  in  intimate  contact  during  the 
culture  period.  Other  preparations 
of  pairs  were  placed  side  by  side  in 
contact  on  the  culture  medium.  A 
cover  glass  was  placed  over  the  watch 
glass  and  sealed  with  melted  paraffin, 
making  sure  the  seal  was  airtight. 
Cultures  were  maintained  at  approx¬ 
imate^  21-24  degrees  C.  Dishes 
were  opened  and  explants  trans¬ 
ferred  to  fresh  media  each  fifth  day. 
After  a  culture  period  of  10  to  21 
days,  explants  were  removed  from 
culture  and  fixed  in  Bonin’s  solu¬ 
tion.  They  were  then  sectioned  by 
the  paraffin  method  and  stained  in 
hematoxylin  and  eosin. 

Organs  placed  in  culture  were 
testes,  ovaries,  heart,  liver,  mesone¬ 
phros,  pancreas,  spleen  and  brain 
and  combinations  of  these  in  pairs. 
Table  1  shows  the  number  of  ex- 
plants  and  the  time  in  culture. 

Results  from  Tissues  Grown 
Alone  in  Culture 

Testis-Control.  The  general  ap- 
pearance  of  the  control  testis  is  that 
of  very  closely  packed  cells  with  no 
spaces  except  for  an  occasional  blood 
vessel.  The  beginning  of  the  forma¬ 
tion  of  seminiferous  tubules  is  indi¬ 
cated  by  the  fact  that  the  germ  cells 
occur  in  groups  of  2  or  3,  surround¬ 
ed  by  follicle  cells,  but  with  no  ap¬ 
parent  lumina.  The  germ  cells  are 
in  p re-miotic  stages  (spermatogonia 
or  primary  spermatoctyes)  ;  their 
nuclei  are  spherical,  unlobulated, 
and  they  stain  less  darkly  than  those 
of  the  follicle  cells.  The  cytoplasm 
of  the  germ  cells  is  clear.  Explants 
were  taken  from  both  the  center  and 
periphery  of  the  gonad  and  as  a 
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result  some  do  not  have  any  part 
of  the  tunica  albuginia. 

Testis-Cultured.  In  explants  cul¬ 
tured  for  only  3  to  4  days,  the  germ 
cells  and  seminiferous  tubules  show 
no  marked  changes  from  controls. 
There  is  a  somewhat  less  compact 
appearance  due  to  a  looser  arrange¬ 
ment  of  non- germinal  elements. 
After  10  days  in  culture  a  continued 
proliferation  of  non-germinal  ele¬ 
ments  takes  place,  resulting  in  a  less 
compact  appearance.  Germ  cells  re¬ 
main  as  in  the  controls,  except  that 
lumina  appear  in  a  few  of  the  semi¬ 
niferous  tubules.  After  21  days  in 
culture  the  non-germinal  cells  have 
increased  greatly  in  number  and 
may  make  up  as  much  as  half  of 
the  explant.  The  germ  cells  are  fair¬ 
ly  well  maintained,  but  the  demar- 
cation  between  nucleus  and  cyto¬ 
plasm  is  less  distinct  and  the  chro¬ 
matin  stains  less  densely  than  in  the 
controls  (PI.  I,  UR). 

Ovary -Control.  The  cortex  of 
the  ovary  is  somewhat  less  compact 
than  the  testis.  It  is  surrounded  by 
the  theca  externa.  There  is  a  large 
ova  rial  cavity.  At  the  periphery  of 
the  ovary  there  are  nests  of  5  or  6 
gonial  cells  with  large  lobulated 
nuclei  and  with  very  little  cyto¬ 
plasm.  At  this  stage  of  develop- 
ment  the  greater  part  of  the  cortex 
is  composed  of  auxocytes,  i.e.  oocytes 
with  little  deposition  of  yolk.  Their 
nuclei  are  large  and  spherical,  con¬ 
taining  many  nucleoli,  but  with  no 
indication  of  chromosomes.  The 
auxocytes  have  few  follicle  cells  ap¬ 
parent  and  are  supported  primarily 
by  the  cells  of  the  theca  interna. 
Ova  rial  explants  were  cut  in  such 
a  way  that  each  piece  had  a  portion 
of  the  theca  externa  on  one  side. 


Transactions  Illinois  Academy  of  Science 


166 


Plate  I. — Sections  of  organs  of  axolotl,  grown  alone  in  culture  for  21  days. 
x200.  Upper  left  (UL),  ovary;  upper  right  (UR),  testis;  middle  left  (ML), 
mesonephros;  middle  right  (MR),  pancreas;  lower  left  (LL),  heart;  and 
lower  right  (LR),  liver. 
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Ovary-Cultured.  Ovaries  in  cul¬ 
ture  for  21  days  show  the  same  gen¬ 
eral  structure  and  types  of  cells  as 
do  the  controls  (PI.  I,  UL).  There 
is  some  indication  of  degeneration  of 
cells,  especially  large  ovocytes,  but 
there  are  no  large  necrotic  areas. 
Auxocytes  have  large  nuclei  show¬ 
ing  dark  staining  chromatin.  Oogon- 
ia  appear  to  be  in  good  condition 
and  are  located  near  the  periphery 
of  the  explant.  They  have  lobed 
nuclei  and  distinct  cytoplasm.  The 
main  change  from  the  controls  ap¬ 
pears  to  be  in  the  non-germinal  cells. 
These  have  proliferated  somewhat 
from  some  areas  of  the  explant  and 
appear  to  have  originated  from 
stromal  and  thecal  cells.  Some  sec¬ 
tions  of  the  ovary  show  groups  of 
cells  arranged  near  the  periphery  in 
such  a  manner  as  to  form  “  bubbles.  ” 
Many  explants  showed  these  “bub¬ 
bles’'  while  they  were  still  in  culture. 
In  some  explants  the  thecal  mem¬ 
branes  are  very  distinct  and  the 
auxocytes  seem  to  have  shrunken, 
making  the  cells  of  the  thecal  layers 
more  conspicuous. 

Heart-Control.  The  cardiac  mus¬ 
cle  fibers  are  distinct  but  show  no 
striations  in  these  preparations.  Fi¬ 
bers  form  distinct  bundles  which  lie 
in  different  planes  and  run  in  vari¬ 
ous  directions.  Anastomosing  bun¬ 
dles  can  be  observed.  There  are 
many  nuclei  of  essentially  ovoid 
form  which  stain  darkly.  An  occa¬ 
sional  mitotic  figure  is  seen. 

Heart  -Cultured.  Explants  of 
heart  continue  to  beat  while  in  cul¬ 
ture.  Most  explants  show  pulsation 
up  to  ten  days,  but  after  that  time 
there  is  a  decrease  in  movement.  In 
stained  and  sectioned  material  the 
fibers  and  nuclei  do  not  look  too 


healthy,  even  in  those  explants  which 
showed  contractions  during  the  cul¬ 
ture  period.  In  these  explants  there 
are  always  outgrowths  of  cells. 
These  do  not  proliferate  as  individ¬ 
ual  cells,  but  extend  away  from  the 
explant  as  more  or  less  solid  sheets  of 
cells.  The  area  of  outgrowth  has 
the  same  form  as  the  heart  muscle 
itself,  but  always  stains  with  a  basic 
stain  whereas  the  main  body  of  the 
explant  stains  with  acid  stain.  It 
appears  that  the  typical  cytoplasm 
of  the  muscle  fiber  has  not  yet  dif¬ 
ferentiated  in  the  outgrowth  from 
the  explant.  The  heart  explants 
seem  to  be  somewhat  reduced  in  size 
after  being  in  culture  for  21  days 
and  the  fibers  are  more  closely 
massed  together  (PI.  I,  LL). 

Liver -Control.  The  liver  is  a 
reticular  gland  composed  of  many 
cells  which  in  cross-section  have  3, 
4  or  5  sides.  While  the  cells  are 
roughly  square  in  outline,  they  are 
very  irregular  and  vary  considerably 
in  size.  The  liver  is  not  divided  into 
lobes,  as  it  is  in  man  and  higher  ver¬ 
tebrates.  Each  cell  has  a  rounded 
nucleus  surrounded  by  a  large  area 
of  cytoplasm  which  contains  dark 
staining  granules.  The  outline  of 
each  cell  is  very  distinct  due  to  the 
dark  staining  reaction  of  the  material 
between  the  cells.  The  outermost 
cells  of  the  liver  are  closely  packed 
and  have  very  little  cytoplasm  and 
relatively  large  nuclei ;  in  this  area 
the  cytoplasm  and  cellular  outline, 
are  not  distinct  due  to  the  multitude 
of  nuclei.  There  are  occasional  mi¬ 
totic  figures.  Pigment  cells  and 
large  blood  and  lymph  vessels  are 
interspersed  in  the  tissues  of  the 
liver. 

Liver-Cultured.  The  most  marked 
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change  in  liver  explants  following 
a  period  in  culture  is  a  decrease  in 
size  of  the  explant.  This  is  due  for 
the  most  part  to  the  loss  of  individ¬ 
ual  cells  from  the  periphery  of  the 
explant  while  it  is  in  culture.  Ap¬ 
parently  the  cells  do  not  adhere  well 
to  each  other  and  a  capsule  around 
the  explant  is  not  formed.  After  10 
days  of  cultivation,  cells  retain  their 
irregular  form,  each  with  a  distinct 
nucleus,  but  the  cytoplasm  becomes 
filled  with  small  vacuoles.  After  21 
days  in  culture,  the  cytoplasmic 
vacuoles  have  increased  in  size  so 
that  the  explants  have  the  appear¬ 
ance  of  a  reticulum  with  numerous 
nuclei,  many  of  which  seem  to  be 
necrotic  (PI.  I,  LR). 

Mesonephros-Control.  The  kid¬ 
neys  are  elongated  and  composed 
of  mesoneprhic  tubules  with  few 
glomeruli  and  large  Bowman's  cap¬ 
sules.  The  tubules  vary  in  size  as 
does  the  height  of  the  epithelium  in 
each  tubule.  Each  cell  has  a  distinct- 
ovoid  shaped  nucleus.  Some  pig¬ 
ment  cells  are  present  especially  in 
the  areas  of  the  blood  vessels.  In 
some  sections  the  Mullerian  and 
Wolffian  ducts  are  present. 

Mesoneph  r  os-Cultured.  Mesone¬ 
phric  kidneys  maintained  in  culture 
as  long  as  21  days  show  no  marked 
changes  from  control  organs  (PL  I, 
ML).  The  tubules  remain  distinct 
with  no  apparent  changes  in  cell 
form  or  structure.  There  are  some 
tubules  which  are  distended,  due 
apparently  to  accumulated  fluids. 
Some  tubules  contain  material  which 
may  have  been  secreted  from  the 
cells  or  perhaps  taken  from  the  medi¬ 
um  through  the  nephrostomes.  The 
gonaducts  seem  to  be  well  maintained 


in  culture  and  retain  their  normal 
appearance. 

Pancreas-Control.  This  organ  has 
a  lobulated  appearance,  but  it  is 
compact  and  individual  alveoli  are 
not  distinct.  The  cell  form  varies 
from  cuboidal  to  columnar.  The 
nuclei  are  large  and  rounded  and 
centro-acinar  cells  are  present.  Many 
cells  have  secretory  granules  in  the 
apical  parts  of  the  cells.  The  islet 
cells  can  be  identified. 

Pancreas-Cultured.  This  organ 
seems  to  be  in  very  good  condition 
after  8  weeks  in  culture.  In  some 
areas  of  the  explant  the  alveoli  are 
much  more  distinct  than  they  are 
in  the  controls.  This  may  be  due  to 
a  separation  of  one  alveolus  from 
another  after  the  organs  were  dis¬ 
sected  for  explants  or  it  may  possibly 
be  due  to  a  loss  of  connective  tissue 
while  the  organs  were  in  culture. 
Some  explants  look  as  compact  as 
in  the  control  material  (PI.  I,  MR) 
Secretory  granules  are  \Terv  con¬ 
spicuous  in  pancreatic  cells,  but  less 
abundant  than  in  the  controls.  Some 
islet  cells  are  present. 

Spleen-Control.  The  spleen  is  a 
rounded  organ,  surrounded  by  a 
connective  tissue  capsule.  There  are 
no  trabeculae,  nor  are  there  definite 
groups  of  white  cells  as  seen  in  the 
spleen  of  higher  vertebrates.  Leu- 
kocvtes  and  erythrocvtes  seem  to  be 
distributed  throughout  the  organ,  in 
about  equal  numbers.  Mitotic  figures 
are  very  common.  The  reticular 
cells  are  large  and  form  a  support¬ 
ing  network  for  the  blood  cells. 

Spleen-Cultured.  The  form  of 
the  spleen  is  very  similar  to  that 
control,  and  the  explants  show  little 
decrease  in  size.  The  number  of 
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leukocytes  is  approximately  equal  to 
that  of  the  controls,  but  few  ery¬ 
throcytes  remain  in  the  explants. 
The  reticulum  is  much  more  distinct 
after  culturing*  and  the  reticulum 
makes  up  more  than  half  the  bulk  of 
the  explant.  Some  mitotic  figures 
were  observed  in  cultured  material. 

Brain-Control.  The  part  of  the 
brain  used  in  this  study  was  the 
cliencephalon.  Areas  of  grey  and 
white  matter  are  very  distinct.  The 
grey  matter,  nearer  the  brain  cavity, 
contains  at  least  two  distinct  types 
of  nerve  cells,  whereas  the  white  mat¬ 
ter  is  composed  primarily  of  fibers 
and  supporting  tissues.  In  some  sec¬ 
tions  the  choroid  plexus  is  present. 

Brain-Cultured.  Cultured  ex¬ 
plants  show  the  same  general  plan 
as  controls,  with  distinct  areas  of 
grey  and  white  matter.  In  the  grey 
matter  the  two  types  of  nerve  cells 
can  be  identified  easily.  A  few  vacu¬ 
oles  have  formed  in  the  supporting 
tissue  of  the  grey  matter  and  some 
of  the  nerve  cells  are  more  clumped 
together.  The  nerve  cells  of  the  ex- 
plants,  however,  seem  to  be  in  ex¬ 
cellent  condition.  Some  mitotic  fig¬ 
ures  were  observed  in  the  grey  mat¬ 
ter. 

Results  from  Tissues  Grown 

in  Combinations  in  Culture 

Testis  and  Ovary-Cultured.  Ex¬ 
plants  of  both  testis  and  ovary  have 
a  very  loose  structure  and  give  the 
appearance  of  a  network  of  connec¬ 
tive  tissue  supporting  the  germ  cells. 
There  has  been  some  proliferation  of 
lion-germinal  cells  from  both  organs 
and  these  have  grown  in  contact 
with  each  other.  Whereas  the  germ 
cells  of  the  testis  look  essentially 


normal,  the  explants  of  the  ovary 
contain  few  germ  cells,  auxocytes  or 
oogonia.  Only  about  10%  of  the 
usual  number  of  ovarial  germ  cells 
remain  in  the  explants  (PI.  II,  UL). 

Testis  and  Heart-Cultured.  Ex¬ 
plants  of  testis  and  heart  are  grown 
together  and  cells  from  the  heart 
have  invaded  the  gonad.  Neither 
organ,  however,  appears  to  be  in 
good  condition.  The  explants  of 
the  testis  lack  the  characteristic  or¬ 
ganization  and  few  germ  cells  are 
present.  Fibers  of  cardiac  muscle 
are  distinct,  but  no  striations  are 
visible. 

Testis  and  Liver-Cultured.  Ex¬ 
plants  of  testis  and  liver  are  very 
closely  attached.  Germ  cells  of  the 
testis  look  healthy  with  normal  ap¬ 
pearing  follicle  cells.  The  testis  is 
very  compact.  More  connective  tis¬ 
sue  is  present  in  the  testis  and  the 
testis  portion  of  the  explant  is  en¬ 
capsulated,  whereas  the  liver  portion 
is  not.  Liver  explants  appear  very 
similar  to  those  cultured  alone,  with 
loss  of  typical  cell  structure  and  or¬ 
ganization. 

Testis  and  Mesonephros-Cultured. 
Testis  in  combination  with  mesone¬ 
phros  looks  essentially  normal  (PI. 
II,  UR).  Explants  are  compact  and 
with  less  connective  tissue  between 
the  seminiferous  tubules  than  when 
grown  with  liver.  In  some  instances 
the  cells  from  the  mesonephric 
tubules  have  intermingled  with  the 
germ  cells  of  the  testis.  In  some 
explants  of  mesonephros  grown  with 
testis,  the  Wolffian  ducts  appear  to 
be  more  dilated  than  those  of  kidney 
grown  alone. 

Testis  and  P ancreas -Cultured. 
The  pattern  of  testis  and  pancreas 
grown  together  differs  from  that  of 
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Plate  II. — Sections  of  organs  of  axolotl,  grown  in  pairs  in  culture  for  21 
days.  x200.  UL,  ovary  and  testis;  UR,  testis  and  mesonephros;  ML,  ovary 
and  mesonephros;  MR,  ovary  and  pancreas;  LL,  ovary  and  heart;  and  LR, 
ovary  and  liver. 


the  testis  and  liver  and  of  the  testis 
and  mesonephros  combinations.  The 
tissue  of  the  testis  is  much  less  com¬ 


pact,  but  there  are  spaces  between 
the  seminiferous  tubules.  Such  areas 
in  explants  of  testis  grown  alone  con- 
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tain  connective  tissue.  The  germ 
cells  are  as  well  maintained  as  when 
testis  is  cultured  alone.  The  pan¬ 
creas  explants  look  healthy  with  dis¬ 
tinct  alveoli.  Some  cells  from  the 
pancreas  explants  have  grown 
around  the  testis  explants  to  form 
a  capsule. 

Ovary  and  Heart -Cultured.  In 
this  combination  there  is  an  inter¬ 
mingling  of  cells  from  the  two  organs 
whether  they  are  placed  side  by  side 
or  whether  the  heart  explant  is  in¬ 
serted  into  the  ovarial  cavity.  The 
heart  appears  characteristic  for  cul¬ 
tured  material.  The  ovaries  as  well 
maintained  with  only  a  few  degen¬ 
erating  auxocytes.  There  is  little  pro¬ 
liferation  of  non-germinal  cells  (PI. 
II,  LL). 

Ovary  and  Liver-Cultured.  These 
explants  were  placed  side  by  side  or 
explants  of  liver  were  inserted  into 
the  ovarial  cavity.  Neither  explant 
appeared  to  be  in  good  condition 
(PI.  II,  LR).  The  ovary  showed 
many  degenerating  auxocytes,  al¬ 
though  some  younger  germ  cells  were 
present.  The  non-germinal  cells  had 
proliferated  extensively.  In  some 
cases,  where  the  cells  of  the  liver 
were  in  close  contact  with  the  ovary, 
these  cells  appeared  to  be  better 
maintained  than  were  liver  cells 
alone. 

Ovary  and  Mesonephros-Cultured. 
There  are  very  few  degenerating 
auxocytes  in  ovaries  in  combinations 
with  mesonephros,  and  the  ovaries 
look  very  much  like  uncultured  con¬ 
trols  (PI.  II,  ML).  The  explants  of 
mesonephros  show  distinct  tubules, 
occasional  glomeruli,  and  Wolffian 
and  Mullerian  ducts.  Some  tubules, 
as  well  as  the  Wolffian  and  Mullerian 
ducts,  may  be  dilated.  In  some  com¬ 


binations  the  cells  of  the  kidney  ex- 
plants  surround  the  auxocytes.  In 
instances  where  kidney  explants  are 
placed  in  the  ovarial  cavities,  these 
cavities  are  much  distended  and 
germ  cells  are  located  in  a  thin  band 
surrounding  the  cavity  and  kidney 
explant. 

Ovary  and  Pancreas -Cultured. 
Pancreas  explants  look  healthy  and 
similar  to  explants  grown  alone. 
However  the  ovarian  explants  have 
been  almost  totally  destroyed,  ap¬ 
parently  by  enzymes  from  the  pan¬ 
creas.  Many  partially  degenerated 
auxocytes  are  surrounded  by  cells 
from  the  pancreas.  A  few  oogonia 
and  oocytes  can  be  identified  (PI. 
II,  MR). 

Ovary  and  Spleen-Cultured.  The 
ovary  appears  to  be  in  good  condi¬ 
tion  and  all  types  of  cells  can  be 
identified.  The  reticular  cells  of  the 
spleen  have  in  some  instances  in¬ 
vaded  the  ovarv  and  surrounded  the 

«/ 

germ  cells,  resulting  in  some  degen¬ 
eration  of  anxocytes.  The  white 

«/ 

blood  cells  of  the  spleen  appear  to  be 
in  excellent  condition  and  some  are 
undergoing  mitoses.  Red  cells  are 
present,  but  often  are  irregular  in 
form. 

Ovary  and  Brain-Cultured.  Both 
explants  of  ovary  and  diencephalon 
appear  healthy.  In  some  instances 
the  ovary  has  a  few  degenerating 
auxocytes,  but  younger  germ  cells 
are  present.  There  has  been  some 
proliferation  of  non-germinal  cells. 
The  brain  tissue  is  the  more1  actively 
growing  one ;  it  has  invaded  the 
ovarian  explants.  Many  fibers  have 
proliferated  from  brain  to  ovary, 
especially  where  the  brain  was  in¬ 
serted  into  the  ovarial  cavity. 

•/ 
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Discussion 

The  maintenance  in  vitro  of  em¬ 
bryonic  cells  and  tissues  of  amphib¬ 
ians  is  a  routine  procedure  in  many 
laboratories.  The  cultivation  of  or¬ 
gans  from  larvae  or  adults  is  less 
frequently  and  less  successfully  ac¬ 
complished.  No  comparative  study  of 
the  survival  in  culture  of  different 
organs  of  a  single  species  of  amphib¬ 
ians  exists.  Neither  has  the  possible 
effect  of  one  organ  on  another  in 
vitro  been  investigated  in  amphib¬ 
ians  as  it  has  been  in  some  birds  and 
mammals. 

Wolff  (1954)  has  demonstrated 
that  different  organs  of  one  species 
of  bird  or  mammal  will  grow  to¬ 
gether  with  the  connective  tissue  ele¬ 
ments  often  becoming  indistinguish- 
ablv  intermingled.  The  more  spe¬ 
cialized  tissues,  such  as  epithelium 
of  the  bronchi  or  bronchioles,  main¬ 
tain  their  independence.  Similar  re¬ 
sults  were  obtained  with  the  culture 
of  combinations  of  organs  of  dif¬ 
ferent  vertebrate  classes,  chick  or 
duck  and  mouse,  for  example  (Wolff, 
1954;  Wolff  &  Weniger,  1954;  Salz- 
geber,  1962). 

Wolff  and  Wolff  (1961,  1962)  suc¬ 
ceeded  in  growing  cancer  tissue,  tak¬ 
en  directly  from  a  human  patient,  in 
association  with  chick  mesonephros. 
These  cancer  tissues  were  maintained 
for  36-45  days,  through  several  trans¬ 
fers,  and  continued  to  manifest  the 
pattern  associated  with  the  particu¬ 
lar  type  of  original  malignancy. 
Such  organized  tumors  will  not  sur¬ 
vive  alone  on  the  medium,  although 
cell  lines  of  malignant  cells  have  been 

maintained  for  vears. 

•/ 

There  have  been  attempts  to  deter¬ 
mine  which  factors  from  one  organ 


in  culture  stimulate  another  organ. 
Lutz-Ostertag  and  Fargeix  (1962) 
found  that  embryo  chick  Mullerian 
duct  grew  better  in  the  presence  of 
chick  heart,  and  that  the  production 
of  certain  amino  acids  by  the  heart 
tissue  enriched  the  medium.  This 
was  in  accord  with  result  of  Pasieka 
et  al.  (1956),  concerning  the  amino 
acid  metabolism  of  cultivated  chick 
heart  fibroblasts. 

Croisille  (1958)  used  extracts  of 
various  embryonic  chick  organs  as 
substitutes  for  complete  embryo  ex¬ 
tract  in  the  medium  and  found  that 
liver  extract  and  heart  extract  pro¬ 
duced  poor  survival  of  the  organs 
cultured.  However,  he  obtained 
satisfactory  results  with  extracts 
of  mesonephros,  lung,  skin  and 
intestine. 

The  present  experiments  indicate 
that  in  amphibian  organs  there  is  an 
advantage,  in  some  instances,  to 
growing  organs  in  combinations.  It 
was  of  particular  interest  to  find 
some  method  of  culture  which  would 
maintain  the  ovaries  for  long  periods 
of  time,  permitting  the  various  types 
of  cells  to  differentiate.  The  hollow 
structure  of  the  ovary  presented  an 
excellent  situation  for  testing  any 
stimulating  effect  which  might  be 
exerted  by  an  associated  organ. 
Ovaries  in  combination  with  meso¬ 
nephros,  heart,  spleen,  and  brain  ap¬ 
peared  to  be  well  maintained,  with 
fewer  degenerating  cells  than  when 
grown  alone.  Mesonephros  was  the 
most  satisfactory  of  the  above  organs. 
Neither  pancreas  nor  liver  promoted 
growth  of  the  ovary  in  combination 
with  it.  The  digestive  enzymes  of 
the  pancreas  may  have  destroyed  the 
ovarian  tissue.  The  liver  has  not 
proved  to  be  an  organ  which  is  well 
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maintained  in  culture  itself  (see  be¬ 
low).  It  lias  no  apparent  effect  on 
the  ovary.  In  the  ovary-testis  com¬ 
binations  the  testis  remains  healthy 
but  many  of  the  ovarian  germ  cells 
degenerate.  This  may  be  considered 
an  illustration  of  the  free-martin 
effect. 

The  amphibian  liver  grows  less 
satisfactorily  in  culture  than  does 
the  liver  of  chick  (AVolff,  1954)  or 
mouse  (Salzgeber,  1962).  The  cells 
become  vacuolated  and  after  21  days 
in  culture  many  of  the  cell  mem¬ 
branes  have  disappeared,  leaving  a 
syncytial  arrangement  of  both  pyc- 
notic  and  fairly  normal  looking  nu¬ 
clei.  The  organ  fragment  is  difficult 
to  handle,  breaking  into  pieces  when 
transferred  to  fresh  medium  or  dur¬ 
ing  preparation  for  histological 
study.  Many  cells  slough  off  from 
the  surface,  giving  the  explant  a 
ragged  appearance.  No  surrounding 
membrane  forms,  although  if  the  ex- 
plant  contains  a  portion  of  the  serosa, 
that  side  of  the  explant  will  have  a 
surface  membrane.  The  serosa  is  not 
extended  to  the  other  surfaces  of  the 
explant.  Since  containment  within 
some  sort  of  membrane  is  essential 
for  growth  as  an  organ,  this  may  be 
the  explanation  of  the  poor  results 
with  amphibian  liver.  The  only  in¬ 
stance  in  this  experiment  in  which  a 
piece  of  liver  was  in  fairly  good  con¬ 
dition  was  one  which  was  grown  in¬ 
side  the  ovarial  cavity.  It  might  be 
that  the  tissue  of  the  ovary  served  as 
a  membrane.  It  would  be  of  interest 
to  use  the  vitelline  membrane  tech¬ 
nique  (Wolff,  1960)  with  this  organ 
to  learn  whether  it  could  be  well 
maintained  if  the  membrane  were 
provided  for  it. 

The  question  of  why  mesonephros 


provides  a  more  satisfactory  situation 
for  growth  of  the  ovary  than  do  the 
other  organs  tested  cannot  be  an¬ 
swered  on  the  basis  of  the  present 
experiments.  It  might  be  explained 
either  through  the  physical  structure 
of  the  organ  or  its  chemical  activity. 
For  human  cancers,  at  least,  the  re¬ 
sults  from  the  separation  of  the  can¬ 
cer  tissue  from  the  mesonephros  by 
a  fold  of  vitelline  membrane  would 
seem  to  indicate  that  the  effective 
factor  is  primarily  chemical  (Wolff 
and  Wolff,  1961b). 

The  age  of  the  organs  or  tissues 
used  has  a  direct  bearing  on  the  re¬ 
sults  obtained.  Explants  from  em¬ 
bryonic  stages  of  amphibians  readily 
grow  and  differentiate  in  culture. 
Larval  organs  grow,  but  continued 
differentiation  of  specialized  cells, 
such  as  germ  cells,  is  more  difficult 
to  obtain.  Adult  organ  fragments 
are  maintained  with  little  change  for 
some  time,  but  ultimately  there  is 
cellular  degeneration.  Similar  re¬ 
sults  have  been  reported  by  Stein- 
berger  et  al.  (1964)  for  growth  of 
testicular  tissue  from  rats  of  various 
ages. 

Summary 

Organs  of  the  larval  axolotl  were 
grown  either  singly  or  in  various 
combinations  in  watch  glass  cultures 
according  to  the  method  of  Wolff  and 
Haffen.  They  were  maintained  for 
21  days.  The  organs  cultured  were 
ovary,  testis,  mesonephros,  heart, 
liver,  pancreas,  spleen,  brain,  and 
pairs  of  ovary  and  testis  with  each  of 
the  others. 

When  organs  are  grown  alone 
there  is  good  maintenance  of  all  or¬ 
gans  except  the  liver.  They  might 
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Table  1. — Number  of  explants  and  time  in  culture. 


Organ 

Sin  gle 
cultures 

Pairs-side 
by  side 

Pairs 

“sandwich” 

Days  in 
culture 

Testis  .  . 

4 

4 

11 

18 

10 

11 

5 

21 

Ovary . 

30 

21 

Heart . 

9 

4-7 

11 

38 

10 

11 

10 

21 

Liver . 

5 

3-4 

11 

34 

10 

11 

10 

21 

Mesonephros . 

11 

10 

11 

10 

21 

Pancreas . 

9 

21 

Spleen . 

5 

21 

Brain . 

4 

21 

Tpstis  Ar  ovarv . _  _  _ 

6 

21 

”  ”  heart . 

6 

21 

”  liver . 

6 

21 

”  mesonephros . 

6 

21 

”  pancreas . 

6 

21 

Ovarv  &  heart . 

5 

10 

21 

”  "  ”  liver . 

11 

7 

21 

”  mesonephros . 

16 

4 

21 

”  pancreas . 

12 

4 

21 

”  spleen  . 

11 

5 

21 

”  brain . 

5 

5 

21 

be  arranged  in  a  series  of  decreasing 
competence  in  culture :  testis,  mes¬ 
onephros,  brain,  spleen,  pancreas, 
heart,  ovary,  liver.  In  some  of  these 
there  is  little  difference  between  two 
mentioned  in  sequence  as  to  the 
quality  of  their  response  to  the  cul¬ 
ture  situation. 

Ovary-testis  pairs  in  culture  re¬ 
sult  in  suppression  of  the  germinal 
cells  of  the  ovary. 

Combinations  of  testis  with  liver, 
mesonephros,  or  pancreas  show  little 
change  in  either  organ  of  the  pair 
from  its  condition  when  cultured 
alone.  Some  of  the  testes  had  lumina 
in  a  few  seminiferous  tubules  when 
grown  with  mesonephros.  In  the 
testis-heart  pairs  neither  organ  ap¬ 
pears  to  be  quite  as  well  maintained 
as  each  had  been  alone. 


Combinations  of  ovary  with  meso¬ 
nephros,  brain  and  spleen  are  better 
maintained  in  pairs.  There  are  few 
degenerating  ovocytes;  young  germ 
cells  and  non-germinal  elements  have 
proliferated.  In  combination  with 
heart,  the  ovary  does  not  show  any 
improvement  over  culture  alone. 
Ovarian  tissue  is  destroyed  when  in 
combination  with  pancreas,  in  con¬ 
trast  to  the  condition  of  testis-pan¬ 
creas  pairs.  Neither  ovary  nor  liver 
are  well  maintained  when  these  two 
organs  are  paired  in  culture. 
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OXIDATION  OF  SUCCINATE  BY  BLUEGILL  LIVER 

MITOCHONDRIA 

ROBERT  C.  HILTIBRAN 
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Abstract. —  (1)  The  succinic  oxidase 
system  of  bluegill  ( Lepomis  macro- 
chirus)  liver  mitochondria  was  investi¬ 
gated.  (2)  Neither  oxygen  nor  phos¬ 
phate  uptake  was  metal-ion  dependent, 
but  magnesium  and  ferric  ions  increased 
oxygen  uptake.  (3)  Zinc  and  cadmium 
ions  inhibited  oxygen  uptake.  (4)  Di- 
coumarol,  gramicidin,  2,4-dinitrophenol, 
and  pentachlorophenol  uncoupled  phos¬ 
phorylation  from  succinate  oxidation 
but  also  inhibited  oxygen  uptake.  (5) 
Antimycin  A,  sodium  azide,  and  sodium 
cyanide  inhibited  oxygen  uptake. 

Oxidative  metabolism  of  the  bio- 
energetic  systems  of  fishes  has  not 
been  extensively  investigated  until 
recently.  The  reviews  by  McCay 
(1957),  Gumbmann  et  al.  (1958), 
and  Tarr  (1958)  cited  only  one  re¬ 
port  of  oxidative  systems  in  fish  up 
to  that  time.  Since  Tarr’s  review, 
several  additional  reports  have  ap¬ 
peared:  Ekberg  (1958)  considered 
energy  metabolism  in  goldfish  tissues. 
Brown  and  Tappel  (1959)  reported 
on  fatty  acid  oxidation,  and  Brown 
(1960)  discussed  glucose  oxidation 
by  carp  liver  mitochondria.  Kanun- 
go  and  Prosser  (1959)  investigated 
the  role  of  oxidative  phosphorylation 
in  cold  adaptation  in  goldfish,  and 
Gumbmann  and  Tappel  (1962) 
studied  the  tricarboxylic  acid  cycle 
in  carp  liver  mitochondria. 

The  energy -producing  systems  of 
the  bluegill  ( Lepomis  macrochirus) 
liver  mitochondria  were  selected  for 
study  as  one  means  of  exploring  the 
effects  of  pollutants  on  aquatic  or¬ 
ganisms.  Although  fish  are  poikilo- 
therms  and  live  in  environments 


having  restricted  oxygen,  they  must 
produce  energy  via  oxidative  path¬ 
ways.  A  preliminary  report  (Hilti- 
bran  1964)  indicated  from  oxygen 
uptake  data  that  bluegill  liver  homo¬ 
genates  and  mitochondria  could  oxi¬ 
dize  various  substrates  of  the  tricar¬ 
boxylic  acid  cycle.  On  the  basis  of 
these  data,  an  investigation  of  oxida¬ 
tive  phosphorylation  with  succinate 
as  substrate  was  undertaken. 

Materials  and  Methods 

Native,  wild  bluegills  obtained 
from  various  bodies  of  water  in  cen¬ 
tral  Illinois  were  maintained  in 
aerated  laboratory  aquaria  at  25 °C. 
Preparation  of  the  mitochondria  and 
procedures  for  estimating  oxygen 
and  phosphate  uptake  have  previous¬ 
ly  been  reported  (Hiltibran  and 
Johnson  1965).  Oxygen  data  were 
converted  to  /xl02  per  hour  per  mg 
of  tissue  nitrogen,  and  changes  in 
the  phosphate  content  of  the  reaction 
medium  were  converted  to  micro¬ 
moles  of  phosphate  per  hour  per  mg 
of  tissue  nitrogen.  All  values  were 
corrected  for  endogenous  enzyme  ac¬ 
tivity.  The  data  presented  are  the 
average  values  from  two  or  more 
experiments. 

Results  and  Discussion 

Effect  of  homogenizing  medium 
and  time  of  centrifugation :  The 
mitochondria  for  percursory  experi¬ 
ments  were  obtained  from  homo- 
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Table  1. — The  effect  of  homogenizing  medium  on  CD  and  PO,  uptake. 


Medium 

H  02/hr/m  gN 

[xmoles  PO-i/hr/mgN 

0.25  M  sucrose . 

123a 

20 

65  b 

6 

0.15  M  sucrose . 

157a 

32 

1 14b 

20 

122° 

20 

100d 

(-)  24 

0.08  M  sucrose . 

175c 

19 

152e 

22 

0.04  M  sucrose . 

88 

(+)  18 

Water . 

66 

(+)  20 

a  Tissue  divided  between  0.25  and  0.15  M  sucrose. 
b  Second  experiment  between  0.25  and  0.15  M  sucrose. 
c  Tissue  divided  between  0.15  and  0.08  M  sucrose. 
d  Average  of  10  experiments  (0.15  M  sucrose). 
e  Average  of  13  experiments  (0.08  M  sucrose). 

(  +  )  Denotes  increase  of  inorganic  phosphate  in  reaction  medium. 


genates  prepared  in  0.25  M  sucrose 
by  centrifuging  in  a  Servall  refrig¬ 
erated  centrifuge  for  20  minutes  at 
21,000  x  g  after  preliminary  centri¬ 
fugation  for  10  minutes  at  800  x  g 
(Schneider  and  Hogeboom  1950). 
Very  loosely-packed  mitochondrial 
pellets  were  obtained,  whose  oxygen 
uptake  was  variable.  Since  the  re¬ 
sults  indicated  that  the  conditions 
might  not  have  been  suitable  for  the 
preparation  of  bluegill  liver  mito¬ 
chondria,  an  investigation  was  un¬ 
dertaken  to  determine  the  effects  of 
centrifugation  time  and  homogeniza¬ 
tion  in  various  media  on  mito¬ 
chondria. 

The  full  oxidative  potential  of  the 
homogenates  was  obtained  by  centri¬ 
fugating  the  homogenates  for  10  min¬ 
utes  at  21,000  x  g  after  a  prelimi¬ 
nary  centrifugation  for  5  minutes  at 
800  x  g  to  remove  cellular  debris. 

The  oxygen  and  phosphate  uptake 
by  mitochondria  prepared  in  various 
sucrose  media  are  summarized  in 
Table  1.  The  results  indicated  that 
either  0.08  or  0.15  M  sucrose  was  a 


better  homogenizing  medium  than 
was  0.25  M  sucrose.  The  mitochon¬ 
dria  prepared  in  0.15  M  sucrose  ap¬ 
peared  to  have  greater  phosphoryla¬ 
tion  efficiency  and  the  mitochondria 
prepared  in  0.08  M  sucrose  utilized 
more  oxygen. 

Since  the  full  oxidative  potential 
could  be  obtained  b}r  shorter  periods 
of  centrifugation  and  since  the  mi¬ 
tochondria  prepared  in  0.15  M  su¬ 
crose  utilized  more  phosphate,  the 
mitochondria  for  the  experiments  re¬ 
ported  here  were  prepared  in  pH  7.5 
phosphate-buffered  0.15  M  sucrose 
and  were  obtained  from  homogenates 
by  centrifugation  for  10  minutes  at 
21,000  x  g  following  preliminary  cen¬ 
trifugation  for  5  minutes  at  800  x  g. 
The  mitochondria  were  resuspended 
in  the  homogenizing  medium,  recen¬ 
trifuged,  and  resuspended  in  the 
original  volume  of  buffered  sucrose. 

Most  investigators  have  used  mi¬ 
tochondria  in  0.25  M  sucrose  pre¬ 
pared  according  to  Schneider  and 
Hogeboom  (1950).  Brown  and  Tap- 
pel  (1959)  used  carp  liver  mitochon- 
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dria  prepared  in  fortified  0.20  M 
sucrose  for  the  investigation  of  fatty 
acid  oxidation.  Gumbmann  and  Tap- 
pel  (1962)  used  mitochondria  ob¬ 
tained  by  10  minutes  of  centrifuga¬ 
tion  at  11,000  x  g.  These  data  sug¬ 
gest  that  in  fishes  0.25  M  sucrose 
or  prolonged  centrifugation  may 
not  be  desirable  for  the  preparation 
of  mitochondria  or  other  cellular 
components. 

Effect  of  co factors :  Oxygen  up¬ 
take  was  drastically  reduced  in  the 
absence  of  adenosinetriphosphate 
(ATP)  and  as  much  as  80  per  cent 
of  the  oxygen  uptake  shown  in  the 
presence  of  ATP  was  restored  by 
adenosinedipliosphate  (ADP).  Co¬ 
enzyme  A  (Co  A)  or  ADP  added  to 
ATP  did  not  appreciably  alter  eith¬ 
er  oxygen  or  phosphate  uptake.  Co 
A  and  ADP  without  ATP  did  not 
restore  the  oxygen  uptake  level  above 
that  shown  bv  ADP  alone.  For  maxi- 
mum  uptake  of  oxygen  in  the  pres¬ 
ence  of  succinate,  ATP  was  required 
by  the  bluegill  liver  mitochondrial 
systems. 

Bluegill  liver  mitochondria  ex¬ 
hibited  coupled  oxidation  and  phos¬ 
phorylation  in  the  absence  of  a  phos¬ 
phate  trap,  but  the  conversion  of  in¬ 
organic  phosphate  into  organic  phos¬ 
phate  was  increased  by  the  presence 
of  the  glucose-hexokinase  phosphate 
trap.  Associated  with  the  increased 
utilization  of  phosphate  was  a  slight 
increase  in  oxygen  utilization.  Glu¬ 
cose  alone  was  without  effect  on  eith¬ 
er  oxygen  or  phosphate  uptake.  The 
oxygen  uptake  by  unwashed  mito¬ 
chondria  was  increased  by  bovine 
serum  albumin,  but  washed  mito¬ 
chondria  did  not  exhibit  this  require¬ 
ment.  Cytochrome  C  added  to  the 
reaction  medium  resulted  in  a  30 


per  cent  increase  in  oxygen  utiliza¬ 
tion,  presumably  by  increased  elec¬ 
tron  transport.  The  above  data  indi¬ 
cate  that  ATP,  cytochrome  C,  and 
the  glucose-hexokinase  trap  are  re¬ 
quired  for  maximal  oxygen  and  phos¬ 
phate  uptake. 

Since  electrons  from  succinate  are 
not  transferred  to  the  cytochrome 
chain  by  diphosphopyridine  nucleo¬ 
tide  (DPN),  the  presence  of  DPN 
in  the  reaction  medium  would  not  be 
expected  to  have  caused  any  effect. 
However,  in  all  experiments  in  which 
DPN  was  acldd  to  the  reaction  medi¬ 
um,  oxygen  uptake  was  substantially 
reduced.  Triphosphopyridine  nucle¬ 
otide  (TPN).  on  the  other  hand,  did 
not  have  any  effect  on  the  oxidation 
of  succinate.  Thirty  micromoles  of 
succinate  gave  maximum  oxygen 
uptake. 

The  effect  of  pH  on  the  oxygen 
and  phosphate  uptake  was  limited  to 
the  effective  range  (pH  7  to  9)  of 
Trishy droxyaminomethane  (  T  r  i  s ) 
buffer.  A  broad  range  of  activity 
was  found  from  pH  7.2  to  7.8,  and 
the  oxygen  and  phosphate  uptake 
activity  decreased  above  and  below 
those  pH  values.  All  subsequent 
analyses  were  determined  at  pH  7.5. 

Effect  of  metal  ions :  The  effects 
of  several  metal  ions  on  the  oxygen 
and  phosphate  uptake  are  sum¬ 
marized  in  Table  2.  Oxygen  and 
phosphate  uptake  occurred  in  the 

absence  of  any  added  metal  ion,  in- 
«/ 

cheating  that  neither  oxygen  nor 
phosphate  uptake  was  dependent 
upon  the  presence  of  ions.  In  the 
following  experiments,  the  effects  of 
the  presence  of  metal  ions  were 
estimated. 

Ten  micromoles  of  the  divalent 
magnesium  ion  and  five  micromoles 
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Metal 

^moles 

added 

[xl02/hr/mgN 

[xmoles  P01(/hr/mgN 

Control . . . 

none 

76 

(— )  12 

Mg. . 

10 

125 

(-)  20 

Ferric . 

5 

131 

(-)  11 

Manganese . 

5 

29 

(  +  )  22 

Calcium . 

5 

22 

(  +  )  34 

Zinc . 

1 

(+)  30 

Cadmium . 

1 

(+)  41 

of  the  trivalent  ferric  ion  increased 
oxygen  uptake.  Magnesium  ions,  but 
not  ferric  ions,  increased  the  con¬ 
version  of  inorganic  to  organic  phos¬ 
phate.  The  ratio  of  phosphate  to  oxy¬ 
gen  utilized  in  the  presence  of  the 
magnesium  ions  was  approximately 
the  same  as  the  ratio  in  the  control 
vessels.  These  observations  suggest 
that  since  magnesium  ions  are  neces¬ 
sary  for  maximal  conversion  of  in¬ 
organic  phosphate  to  tissue  organic 
phosphate,  the  effect  on  oxygen  up¬ 
take  is  indirect  and  due  primarily  to 
the  increase  in  phosphorylation  pro¬ 
moted  by  magnesium  ions.  Low 
levels  of  ferric  ions  increased  the 


oxygen  uptake  but  did  not  alter  the 
phosphate  uptake  even  though  there 
was  additional  substrate  oxidized 
and  presumably  additional  energy 
available  for  phosphate  conversion. 
The  energy  was  apparently  not 
utilized.  Whereas  10  micromoles  or 
more  of  ferric  ions  inhibited  oxygen 
uptake,  magnesium  ion  levels  up  to 
30  micromoles  did  not  further  alter 
either  the  oxygen  or  phosphate 
uptake. 

Effect  of  inhibitors :  The  effects 
of  various  enzyme  inhibitors  on  the 
oxidation  of  succinate  are  summa¬ 
rized  in  Table  3.  Antimycin  A  and 
sodium  cyanide  completely  inhibited 


Table  3. — Effect  of  inhibitors  on  oxygen  and  phosphate  uptake. 


Inhibitor 

Amt /ml  of 
reaction  med. 
(txmole) 

Ave.  change  in 
^.102/hr/mgN 

Ave.  change  in 
mmoles  PCC/hr/mgN 

Azide . 

1.7 

(— )  95 

(+)  10 

Antimycin  A . 

0.6 

(— )  138 

(+)  19 

Cyanide . 

1.7 

(— )  158 

(+)  14 

Fluoride . 

1  .7 

( ±  )  37 

(±)  3 

Mai  on  ate . 

1.0 

(-)  108 

( + )  1 

Arsenate . 

1  .7 

(+)  27 

(+)  29 

Arsenite . 

1  .7 

(±)  26 

(+)  9 

Pentachlorophenol .  ... 

0.017 

(-)  96 

(  +  )  45 

DXP 

0.  1 

(—)  150 

(+)  46 

Gramicidin . 

0. 5a 

(— )  102 

(+)  14 

Dieoumarol . 

0.017 

(->  35 

(+)  15 

a  Micrograms. 
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oxygen  uptake.  The  level  of  anti- 
mycin  A  used  (0.033  /xg  per  ml  of 
reaction  medium)  was  less  than  that 
reported  by  Kanungo  and  Prosser 
(1959)  for  the  inhibition  of  oxygen 
uptake  by  goldfish  liver  mitochon¬ 
dria.  Sodium  azide  was  less  inhibi¬ 
tory  to  oxygen  uptake. 

The  effect  of  several  oxidative 
phosphorylation  uncouplers  was  in¬ 
vestigated.  Sodium  arsenate  or  sodi¬ 
um  arsenite  did  not  alter  oxygen  up¬ 
take.  Sodium  arsenite  did  not  great¬ 
ly  affect  the  phosphate  uptake,  but 
sodium  arsenate  uncoupled  the  phos¬ 
phate  uptake  from  oxidation  of  the 
substrate. 

The  effect  of  2,4-dinitrophenol 
(DNP)  on  succinic  oxidase  was  in¬ 
vestigated  over  a  concentration  range 
from  0.003  to  6.7  micromoles  per  ml 
of  reaction  medium.  Oxygen  uptake 
was  inhibited  at  all  levels  of  DNP 
tried.  At  the  lowest  level  of  DNP, 
inhibition  of  oxygen  and  phosphate 
uptake  was  slight.  At  0.5  micromoles 
of  DNP,  oxygen  utilization  was  re¬ 
duced  approximately  50  per  cent. 
Maximum  phosphate  uncoupling  was 
observed  between  0.3  to  0.5  micro¬ 
moles  of  DNP. 

Since  oxygen  and  phosphate  up¬ 
take  occurred  in  the  absence  of  mag¬ 
nesium  ions,  the  effect  of  DNP  at 
levels  from  0.3  to  3  micromoles  per 
ml  of  reaction  medium  was  estimated 
in  the  absence  of  magnesium  ions, 
and  the  effect  of  DNP  on  botli  oxygen 
uptake  and  phosphate  was  reduced. 
These  data  suggest  that  the  primary 
effect  of  DNP  is  on  the  enzyme  se- 
quence  converting  inorganic  phos¬ 
phate  to  organic  phosphate. 

Gramicidin  at  0.5  micrograms  per 
ml  of  reaction  medium  reduced  oxv- 

t/ 

gen  uptake  approximately  25  per 


cent,  but  maximum  phosphate  un¬ 
coupling  effect  was  observed  at 
gramicidin  levels  of  one  or  more 
micrograms. 

Dicoumarol  reduced  oxygen  up¬ 
take  and  interfered  with  phosphate 
incorporation  at  levels  as  low  as 
0.001  micromoles  per  ml  of  reaction 
medium.  Oxygen  uptake  was  reduced 
approximately  50  per  cent  at  a  di¬ 
coumarol  level  of  0.05  micromoles 
and  was  not  further  affected  by  high¬ 
er  levels.  The  maximum  effect  on 
phosphate  occurred  at  a  dicoumarol 
level  of  0.1  micromoles  and  above. 

Very  low  levels  of  pentachloro- 
plienol  (0.001  micromoles)  reduced 
oxygen  uptake  approximately  50  per 
cent,  and  the  phosphate  uptake  was 
reduced  approximately  20  per  cent. 
Maximum  phosphate  effect  was  ob¬ 
served  in  the  presence  of  0.01  micro¬ 
moles  of  pentachlorophenol.  At  this 
level,  however,  oxygen  uptake  was 
reduced  approximately  75  per  cent. 

Since  oxygen  uptake  was  inhibited 
by  most  of  the  oxidative  phosphoryla¬ 
tion  uncouplers  at  levels  which  did 
not  result  in  maximum  effect  on  phos¬ 
phate,  caution  will  have  to  be  exer¬ 
cised  in  interpreting  the  actions  of 
other  substances  which  may  interfere 
with  the  phosphate  or  oxygen  uptake 
in  the  blnegill  liver  mitochondria 

svstems. 

«/ 

Of  all  the  phosphate  unconplers 
investigated,  all  except  sodium  ar¬ 
senite  and  sodium  arsenate  inhibited 
oxygen  uptake  to  various  degrees. 
Similarly,  the  effect  on  phosphate 
utilization  varied  with  the  concen¬ 
tration  of  inhibitor,  and  this  effect 
seemed  to  be  independent  of  the  ef¬ 
fect  on  oxygen  uptake. 

Five  micromoles  of  sodium  fluoride 
did  not  appreciably  affect  oxygen 
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uptake,  but  phosphate  uptake  was 
reduced.  Higher  fluoride  levels  in¬ 
hibited  oxygen  uptake,  and  phos¬ 
phate  uptake  was  correspondingly 
reduced.  Since  the  primary  effect  of 
high  fluoride  appears  to  be  on  oxy¬ 
gen  uptake,  a  reduction  in  the  oxida¬ 
tion  of  succinate  would  cause  a  de¬ 
crease  in  the  phosphate  uptake. 
These  data  are  in  contrast  to  those 
of  Kanungo  and  Prosser  (1959)  who 
reported  that  1.0  x  10~3  M  sodium 
fluoride  was  necessary  for  maximum 
phosphate  uptake  by  goldfish  liver 
mitochondria.  Therefore,  sodium 
fluoride  was  not  routinely  added  to 
the  reaction  medium. 

Malonate,  a  competitive  inhibitor 
of  succinic  acid  oxidation,  was  found 
to  reduce  oxygen  uptake  at  levels  of 
20  micromoles.  Further  studies  re¬ 
vealed,  however,  that  oxygen  uptake 
was  reduced  by  30  per  cent  at  0.1 
micromoles  of  malonate  and  that 
levels  of  malonate  of  1.0  to  1.5  micro¬ 
moles  completely  abolished  oxygen 
uptake.  Similar  results  have  been 
reported  bv  Gumbmann  and  Tappel 
(1962). 

Although  oxidation  of  succinate 
by  the  bluegill  liver  systems  ap¬ 
parently  follows  the  usual  scheme  for 
the  oxidation  of  succinate  as  shown 
by  all  other  systems,  there  are  some 
differences.  Suitable  mitochondrial 
preparations  were  obtained  from  less 
dense  homogenizing  media  and  by 
shorter  periods  of  centrifugation. 
This  also  is  indicated  bv  the  work  of 
Brown  and  Tappel  (1959)  and 
Gumbmann  and  Tappel  (1962),  but 
other  workers  apparently  did  not  in¬ 
vestigate  the  effect  of  homogenizing 
media  or  the  time  of  centrifugation 
on  the  tissue  preparations. 


In  the  work  described  above,  all 

couplers  used  except  sodium  arsenite 

the  oxidative  phosphorylation  un- 

and  sodium  arsenate  inhibited  oxv- 

*- 

gen  uptake  at  levels  in  which  un¬ 
coupling  action  was  greatly  reduced. 
Frequently,  low  levels  of  inhibitors 
were  used  and  the  effect  on  oxygen 
or  phosphate  was  slight;  the  change 
from  control  vessels  approached  the 
experimental  error  of  the  experi¬ 
ments  so  that  further  work  with 
lower  levels  did  not  appear  feasible 
under  such  conditions. 

The  effect  of  malonate  is  interest¬ 
ing.  If  malonate  blocks  succinic  oxi¬ 
dase  activity  by  irreversibly  com¬ 
bining  with  the  active  succinic  acid 
enzyme  sites,  this  would  indicate 
that  relatively  few  succinic  acid  sites 
may  be  available  and  that  the  turn¬ 
over  number  of  the  succinic  acid  oxi¬ 
dase  is  relatively  great. 

In  this  regard,  oxygen  uptake  by 
bluegill  liver  mitochondria  in  the 
presence  of  sodium  amytal  was  in¬ 
creased  about  90  per  cent  and  in  the 
presence  of  rotenone  about  60  per 
cent  (Hiltibran  and  Johnson  1965). 
Presumably,  this  effect  would  be  due 
to  the  inhibition  of  DPN-linked  oxi¬ 
dative  steps  preventing  the  forma¬ 
tion  of  oxalacetic  acid,  a  powerful 
inhibitor  of  succinic  oxidase.  These 
data  also  indicate,  however,  that 
bluegill  liver  mitochondria  can  rap¬ 
idly  oxidize  succinic  acid. 

•/ 
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Abstract.  —  Lipids  extracted  from 
adult  male  hair  collected  according  to 
race  and  scalp  condition  have  been 
saponified  and  the  mixed  fatty  acids  as 
such  or  following  fractionation  by  way 
of  the  lead  salts  were  esterified;  the 
resulting  methyl  esters  were  submitted 
to  distillation  in  spinning  band  columns. 
Such  enriched  fractions  of  human  sebum 
fatty  acids  were  required  in  special  gas 
chromatographic  studies.  Proximate 
analyses  are  advanced  for  sebum  acids 
based  on  the  ester  distillations. 

The  lipids  elaborated  by  the  se¬ 
baceous  glands  of  the  skin  have  been 
the  subject  of  several  investigations 
and  the  correlation  of  composition 
with  metabolism  and  disease  is  of 
importance  (Rothman,  1954;  Mon¬ 
tagna  et  al.,  1963).  The  properties 
and  constants  of  hair  fat  as  a  sebum 
source  have  been  reported  by  this 
laboratory,  among  others  (Ivrotos- 
zynski  et  al.,  1956). 

The  free  fatty  acids  of  lipids  ex¬ 
tracted  from  hair  of  adult  males 
were  reported  to  consist  of  normal 
saturated  and  unsaturated  acids 
ranging  in  chain  length  from  7-22 
carbon  atoms  on  the  basis  of  a  dis¬ 
tillation  approach  (Weitkamp  et  al., 
1945)  ;  conventional  methods,  includ¬ 
ing  preliminary  studies  with  lead 
salt  fractionation,  were  employed  by 
others  (Engman  and  Ivooyman, 
1934;  Ricketts  et  al.,  1951).  Through 
chromatography,  James  and  Wheat- 
ley  (1956)  analyzed  the  free  fatty 
acids  from  forearm  lipids  initially 
extracted  with  acetone  and  noted  the 
presence  of  odd-  and  even-numbered 


straight  and  branched  chain  satu¬ 
rated  acids  in  addition  to  olefinic 
members.  Comparable  studies  were 
reported  by  Boughton  et  al.  (1959a; 
1959b).  A  rather  wide  variation  in 
free  fatty  acid  content  can  be  ob¬ 
served  with  sebum,  hydrolytic  de¬ 
composition  occurring  on  storage  and 
being  aided  in  part  by  microorganism 
enzymes.  Also,  the  nature  of  these 
fatty  acids  would  depend  on  the 
component  glycerides  and  sterol  or 
wax  esters  hydrolyzed.  Accordingly, 
greater  attention  was  directed  by 
this  group  to  the  total  fatty  acids 
obtained  on  saponification  of  sebum 
(Krotoszynski  et  al.,  1956)  ;  gas 
chromatographic  analysis  of  such 
mixtures  from  the  hair  fat  of  four 
normal  human  subjects  was  carried 
out  by  Haaliti  (1961). 

In  the  present  study,  the  fatty 
acids  were  removed  following  alka¬ 
line  hydrolysis  of  sebum.  The  mix¬ 
ture  as  such,  or  after  fractionation 
bv  way  of  the  lead  salts,  was  esteri- 
tied  and  the  esters  distilled  in  spin¬ 
ning  band  columns.  The  resulting 
fractions  were  required  in  order  to 
pin-point  by  subsequent  gas  chroma¬ 
tographic  analysis  several  compon¬ 
ents  normally  present  in  minute 
amounts. 

Experimental 

For  the  isolation  of  mixed  fatty 
acids  from  sebum  and  the  determina¬ 
tion  of  pertinent  constants,  the  pro- 
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cedures  described  by  Krotoszynski 
et  al.  (1956)  were  followed  in  all 
details.  Iodine  numbers  were  ascer¬ 
tained  bv  use  of  bromine  and  sodium 
bromide  in  absolute  methanol  as  the 
halogenating  agent  (Kaufmann  and 
Baltes,  1936). 

Hair  pools  from  adult  white  and 
Negro  full-headed  and  balding  males 
were  extracted  with  petroleum  ether 
(boiling  range:  30-60°  C.)  and  the 
lipids  saponified  with  20%  NaOH  in 
95%  ethanol  by  heating  for  24  hr 
on  the  steam  bath.  Dilution  with 
water  and  removal  of  the  unsaponifi- 
able  components  with  ethyl  ether 
followed.  The  aqueous  solution  on 
acidification  with  sulfuric  acid 
yielded  the  fatty  acids.  For  removal 
of  volatile  acids  (under  0.10%),  the 
resulting  mixture  was  steam-distilled 
until  distillates  were  essentially  free 
of  acid  as  judged  by  titration  with 
alkali.  On  cooling,  the  long-chain 
acids  which  came  to  the  surface  were 
removed  by  filtration,  dissolved  in 
ether,  washed  with  water  until  free 
of  mineral  acid,  and  dried  over  an¬ 
hydrous  sodium  sulfate.  Processing 


yielded  the  mixed  acids  (MA). 

Fractionation  of  MA  by  Way  of 
the  Lead  Salts. — The  procedure  of 
Twitched  (1921)  was  applied  for 
the  enrichment  of  unsaturated  fatty 
acids  by  lead  salt  formation.  In  one 
experiment,  a  boiling  solution  of  35 
g  lead  acetate  in  150  ml  95%  ethanol 
containing  2.3  ml  acetic  acid  was 
added  to  50  g  MA-WF-Series  2  in 
350  ml  95%  ethanol.  The  contents 
were  boiled  for  5  minutes,  cooled  to 
25°  C.,  then  stored  over  ice  for  20 
hr.  The  solid  salt  mixture  was  filtered 
under  vacuum,  the  filtrate  F-S  being 
stored  for  later  use.  Washing  of  the 
cake  with  two  10  ml  portions  of  cold 
95%  ethanol  and  treatment  with  15 
ml  of  7  N  HC1  followed.  Removal 
of  lead  chloride  and  mineral  acid 
yielded  26.4  g  (52.4%)  of  solid  acids 
(SA).  The  unsaturated  liquid  acids 
(LA)  were  recovered  after  vacuum 
concentration  to  one-third  of  the  ini¬ 
tial  volume;  yield:  21.6  g  (43.3%). 
Table  1  presents  yields  and  iodine 
numbers  of  the  respective  acid  frac¬ 
tions  starting  with  25-50  g  of  MA. 

Esterification  of  Fatty  Acids. — 


Table  1. — Separation  of  Sebum  Mixed  Fatty  Acids  by  Lead  Salts.1 


Mixed  Acids  (MA)2 

Solid  Acids  (SA  )3 

Liquid  Acids  (LA)4 

Code 

Weight,  g 

% 

Iodine 

N  umber 

o  4 

1 

Iodine 

Number 

WF-Series  2.  . 

50 . 0 

52.4 

26.2 

43.3 

62.2 

CF-Series  1  .  .  .  . 

50 . 0 

51.6 

28.9 

46.3 

73.8 

CB-Series  1  .  .  . 

25.0 

58.9 

25.3 

48.0 

63.4 

CB  -  Series  2 .  .  . 

25 . 0 

50 . 0 

31 .3 

50.0 

77.1 

1  The  acid  numbers  of  the  LA  mixture  generally  ranged  lower  than  the  corresponding  SA  values. 
Thus,  the  numbers  for  SA  and  LA  from  WF-Series  2  were  192  and  134,  respectively. 

2  In  the  coding  which  designates  the  origin  of  the  sebum  or  the  hair  processed,  C,  W,  F  and  B  refer 
to  white,  Negro,  full-headed  and  balding,  in  the  order  stated. 

3  Obtained  from  the  lead  salts  insoluble  in  cold  95%  ethanol. 

4  Prepared  from  acidification  of  ethanol-soluble  lead  salts. 
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MA  or  acids  obtained  by  way  of  lead 
salt  fractionation  (SA  and  LA)  were 
converted  into  esters  by  treatment 
with  absolute  methanol  in  the  pres¬ 
ence  of  hydrogen  chloride.  Invari¬ 
ably,  two  layers  ocurred  at  the  con¬ 
clusion  of  the  heating  period,  the 
lower  one  containing  up  to  25%  of 
the  total  ester  content.  As  the  two 
phases  for  a  given  esterified  mixture 
were  quite  similar  in  properties,  pre¬ 
liminary  separation  and  individual 
processing  was  abandoned.  Thus,  the 
iodine  numbers  for  the  esters  in  the 
lower  and  upper  layers  from  MA- 
CB-Series  2  were  25.6  and  27.8,  re¬ 
spectively.  In  one  experiment,  46.4 
g  of  LA,  obtained  from  CF-Series  1 
(Table  1),  in  175  ml  absolute  meth¬ 
anol  was  saturated  with  a  slow 
stream  of  hydrogen  chloride  for  10 
min,  the  mixture  refluxed  for  19 
hr,  then  freed  of  methanol  under 
vacuum  and  50  ml  of  ether  added. 
Washing  with  five  50  ml  portions  of 
5%  sodium  bicarbonate  and  four  15 
ml  volumes  of  water  followed.  By 
removal  of  ether  from  the  dried 
solution,  46.3  g  of  esters  resulted. 

Spinning  Band  Column  Distilla¬ 
tion  of  Methyl  Esters. — A  total  of 
31.6  ml  (30.2  g)  of  esters  from  MA- 
WF-Series  1  was  distilled  in  a  Pod- 
bielniak  column  (90  cm  x  5  mm) 
with  a  band  rotation  of  3250  rpm  and 
at  a  pressure  of  1  mm.  The  through¬ 
put  was  20  drops  per  minute  or  18 
ml/hr  and  the  product  rate  or  take¬ 
off  comprised  0.5  ml/hr  which  was 
later  decreased  to  0.35  ml/hr.  A 
total  of  69  fractions  was  collected, 
with  a  recovery  of  95.0%.  The  in¬ 
dices  of  refraction  and  iodine  num¬ 
bers  were  ascertained  as  shown  in 
the  curves  of  Figure  1.  The  hold-up 
which  amounted  to  0.91  g  yielded 


0.73  g  of  fatty  acids  on  saponifica¬ 
tion  ;  the  still  residue  was  partly 
carbonized. 

Methyl  esters  derived  from  the 
liquid  acids  on  lead  salt  fractiona¬ 
tion  of  MA-WF-Series  2  were  dis¬ 
tilled  in  a  Nestor  spinning  band 
column  (76  cm  x  10  mm)  at  a  pres¬ 
sure  of  0.8  mm  and  a  band  rate  of 
1550  rpm.  From  a  charge  of  22.8 
ml  (20.0  g),  eighteen  1  ml  fractions 
were  collected,  accounting  for  18.2 
g*  or  a  91.0%  recovery.  The  cor¬ 
responding  curves  are  shown  in  Fig¬ 
ure  2.  The  densities  (d|g)  of  Frac¬ 
tions  2,  4,  7,  8,  11  and  14  were 
0.8632,  0.8628,  0.8604,  0.8604,  0.8599 
and  0.8661,  respectively. 

Paper  Chromatography  of  Volatile 
Acids. — The  volatile  acid  portions 
obtained  on  steam  distillation  of  the 
aqueous  saponification  mixtures  were 
neutralized  and  concentrated  to  dry- 
ness  on  the  steam  bath.  Several 
samples  were  dissolved  in  water, 
acidified  with  a  few  drops  of  con¬ 
centrated  hydrochloric  acid  and  ap¬ 
plied  to  paper  strips  for  chromato¬ 
graphic  separation  by  the  procedure 
of  Duncan  and  Porteous  (1953).  In 
all  instances,  the  most  prominent 
spot  was  due  to  acetic  acid,  the  Rf 
value  averaging  0.12. 

Discussion 

For  fractionation  of  MA  esters 
toward  distillation  and  use  in  spe¬ 
cial  gas  chromatographic  separa¬ 
tions,  the  efficacy  of  the  lead  salt 
method  was  explored.  However,  this 
procedure  is  replete  with  inherent 
difficulties  as  can  be  noted  from  the 
constants  for  the  ‘  ‘  saturated  ’  ’  groups 
of  acids  (Table  1).  With  the  latter, 
salts  of  the  olefinic  acids  are  precipi¬ 
tated  from  cold  ethanol  along  with 
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Figure  1. — Indices  of  refraction  and  iodine  numbers  for  ester  cuts  from  the 
mixed  acids  (MA)  derived  from  WF-Series  1  with  boiling  points  at  a  pressure  of 
1  mm.  The  dotted  line  on  the  distillation  curve  represents  more  idealized  boiling 
ranges. 


the  saturated  long-chain  members. 
Also,  homologs  of  shorter  chain 
length,  C12 — Ci6,  are  incompletely 
precipitated.  The  neutralization 
equivalents  of  the  acids  from  the 
ethanol-soluble  salts  invariably 
ranged  lower  than  those  of  the  “sat¬ 
urated7’  or  solid  acids.  In  this  re¬ 


gard,  no  marked  improvement  was 
evident  when  lithium  salts  were  sub¬ 
stituted  and  in  common  with  meth¬ 
ods  involving  salt  formation,  com¬ 
plexes  with  urea  or  thiourea  pro¬ 
duced  no  clean-cut  fractionation  of 
MA,  although  many  products  were 
isolated.  Since  the  iodine  number  of 
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the  most  saturated  mixtures  ob¬ 
tained  by  these  procedures  were  simi¬ 
lar,  indicating  no  greater  advantage 
for  any  one  method,  the  acids  were 
separated  by  way  of  the  lead  salts 
prior  to  esterification  of  LA  or  the 
*  ‘  unsaturated  ’  ’  acids. 

An  effective  distillation  of  MA 
esters  was  performed  with  a  pool 
originating  from  white  full-headed 
male  sebum  (WF-Series  1)  in  a 
spinning  band  column  at  a  pressure 
of  1  mm.  The  outstanding  plateaus 
noted  in  the  boiling  curve  for  the 
resulting  69  cuts  (Fig.  1)  were  also 
reflected  in  the  indices  of  refraction 
and  iodine  numbers.  The  predomi- 
nent  carbon  chain  represented  by 
a  given  plateau  was  ascertained  by 
comparison  with  literature  values 
and  nomographs.  Fractions  richer 
in  saturated  esters  showed  lower 
values  with  concomitant  variations 
in  refractive  indices.  From  the  data, 
one  may  assume  that  esters  with 


more  than  one  double  bond  are  pres- 
sent  in  the  C18  mixtures.  However, 
assuming  that  the  unsaturated  acids 
in  each  group  all  contained  only  one 
double  bond,  a  proximate  composi¬ 
tion  was  derived  for  the  methyle  ex- 
ters  as  shown  in  Table  2 ;  odd-carbon 
homologs  as  such  were  deleted  in  the 
groups  although  small  amounts  of 
such  acids  do  occur  based  on  gas 
chromatography  and  as  might  be 
implied  from  the  distillation  curve. 
Whereas  the  presence  of  homologs 
containing  more  than  eighteen  car¬ 
bon  atoms  could  not  be  adequately 
justified  in  this  case,  they  were  un¬ 
doubtedly  present  in  the  light  of 
constants  obtained  with  esters  from 
similar  still  residues. 

Further  WF  esterified  fractions 
but  of  greater  olefinic  acid  content 
were  derived  from  the  liquid  acids 
(LA)  of  the  lead  salt  treatment.  A 
proximate  analysis  based  on  distilla¬ 
tion  behavior  (Fig.  2)  is  given  in 


Table  2. — Proximate  Analyses  of  Methyl  Esters  from  WF  Sebum  Pools.1 


Chain  Percent  of  Unsatnration3  in 

Length2  Total  Fraction,  %  Total,  % 


MA-WF-Series  1 


12 

1.7 

14.1 

0.24 

14 

21.2 

27.8 

5.9 

16 

47.8 

48.2 

23.0 

18 

25.3 

86.8 

21.9 

Bottoms 

9.0 

LA-WF-Series  2 


14 

2.9 

12.1 

3.5 

14 

13.5 

42.8 

5.7 

16 

42.2 

74.3 

31.3 

18 

29.7 

101.5 

25.0 

Bottoms 

7.2 

1  The  values  are  based  on  the  data  of  Figures  1  and  2. 

2  Small  amounts  of  odd-carbon  acids  are  also  present  in  the  main  groups. 

3  Calculated  on  the  basis  that  only  mono-olefinic  acids  are  present. 
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Figure  2.— Refractive  indices  and  iodine  numbers  for  ester  fractions  from  LA- 
WF-Series  2  with  boiling  points  at  0.80  mm  pressure.  The  liquid  or  “unsaturated” 
acids  are  derived  from  lead  salt  fractionation  of  MA. 


Table  2.  The  C14-moieties  occurred 
at  a  somewhat  lower  level  and  the 
percentage  unsaturation  of  each  of 
the  main  groups  increased  markedly 
in  contrast  to  the  MA  esters  (Table 
2).  Homologs  with  less  than  14 
atoms  were  slightly,  if  at  all,  en¬ 
riched  with  essentially  no  gross  alter- 
at  ion  in  unsaturation. 


The  minute  amounts  of  acids  re¬ 
moved  by  steam  distillation  of  the 
acidified  saponifiable  mixtures  were 
shown  by  paper  chromatography  to 
consist  principally  of  acetic  acid. 
This  is  in  line  with  the  findings  of 
Brouwer  and  Nijkamp  (1952)  on 
the  volatile  acids  of  hair  grease  ob¬ 
tained  from  a  number  of  animals  and 
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also  man.  One  or  two  acids  ap¬ 
peared  to  be  characteristic  of  a  spe¬ 
cies,  although  most  of  the  homologs 
of  the  series  could  be  detected.  In 
human  hair  fat,  acetic  and  caprylic 
acids  were  predominant,  the  remain¬ 
ing  members  occurring  in  traces.  As 
the  C8-acid  lies  at  the  extreme  limit 
of  steam-distillability,  its  recovery 
was  probably  too  small  for  adequate 
identification  in  the  present  instance. 
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A  LATE  PLEISTOCENE  HEEPETOFAUNA 
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Abstract. — A  salamander,  frog,  leg¬ 
less  lizard,  and  at  least  10  species  of 
snakes  from  a  cave  near  St.  Louis, 
Missouri,  may  represent  a  herpeto- 
fauna  of  interglacial  or  recessional 
time  in  the  late  Pleistocene. 

A  large  number  of  Pleistocene  am¬ 
phibian  and  reptile  bones  were  col¬ 
lected  from  a  cave  near  St.  Louis  by 
Mr.  Ronald  D.  Oesch  of  Kirkwood, 
Missouri.  Through  the  kindness  of 
the  collector  I  have  been  permitted 
to  study  this  assemblage  of  1,894 
snake  vertebrae  and  a  few  amphibian 
and  lizard  remains. 

The  following  information  has 
been  supplied  by  Mr.  Oesch  who 
plans  to  describe  the  mammalian 
remains,  the  exact  location,  and  the 
geology  of  the  deposit  in  a  future 
publication.  The  site  is  in  a  cave 
called  Crankshaft  Pit,  which  is  about 
twenty  miles  southwest  of  St.  Louis, 
Missouri.  The  cave  developed  in 
Ordovician  Joachim  Dolomite,  and 
is  entered  through  a  two  by  three 
foot  opening  that  leads  into  a  59- 
foot  vertical  shaft.  The  animals 
were  evidently  trapped  by  falling 
into  the  shaft.  The  bone  bed  is  lo¬ 
cated  in  a  filled  crevice  about  30 
feet  from  the  bottom  of  the  shaft 
in  the  floor  of  a  horizontal  tunnel. 
The  unstratified  matrix  may  repre¬ 
sent  a  mud  flow  into  the  crevice. 
The  fossils  came  from  about  105 
gallons  of  this  matrix  that  was  re¬ 


moved  from  the  cave  and  washed. 
In  the  concentrate  were  the  remains 
of  the  extinct  armadillo,  Dasypus 
bellus,  and  tapir  bones.  Thus,  a 
Pleistocene  age  is  indicated. 

Materials  and  Methods 

Disarticulated  amphibian  and  rep¬ 
tile  skeletons  housed  at  Illinois  State 
University  as  well  as  specimens  do¬ 
nated  by  G.  B.  Rabb  of  Brookfield, 
Illinois,  and  by  G.  Hartz  of  Chicago, 
Illinois  were  utilized  as  comparative 
material.  All  measurements  are  in 
millimeters. 

Intercolumnar,  ontogenetic,  and 
individual  variations  combine  to 
present  a  bewildering  array  of  prob¬ 
lems  in  the  identification  of  individ¬ 
ual  snake  vertebrae.  Nevertheless, 
several  authors  have  been  able  to 
assign  well-preserved  vertebrae  to 
the  generic  level,  and  often  specific 
identifications  are  possible  (see  Hol¬ 
man,  1962  and  1963 ;  Brattstrom, 
1954  and  1964;  and  especially  Auf- 
fenberg,  1963).  Usually,  fragmen¬ 
tary  vertebrae,  caudals,  and  those 
from  the  anteriormost  or  posterior- 
most  parts  of  the  remaining  column 
are  not  designated  taxonomicallv. 

The  fossils  have  been  deposited 
in  the  collections  (abbreviation  CM) 
of  the  Department  of  Biology  of 
Central  Missouri  State  College,  War- 
rensburg,  Missouri. 
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Description  of  the  Specimens 

Amby stoma  maculatum  (Shaw). 
— Material :  1  body  vertebra,  CM 
260.  Tihen  (1958)  lias  discussed 
vertebral  characters  of  the  species 
groups  of  Amby  stoma ,  and  Holman 
(1964)  has  detailed  differences  be¬ 
tween  the  body  vertebrae  of  Arnby- 
stoma  texanum  and  A.  maculatum. 
The  fossil  ambystomatid  vertebra 
has  the  elongated  shape  of  those  of 
A.  texanum  and  A.  maculatum 
(Tihen,  op.  cit.).  Unfortunately,  the 
tip  of  the  neural  arch  is  broken,  but 
appears  to  have  extended  at  least 
as  far  posteriorly  as  the  ends  of  the 
postzygapoplqyses.  The  length  of  the 
vertebra  is  5.5 ;  thus  the  fossil  ap- 
ears  to  represent  A.  maculatum  (see 
Holman,  op.  cit.,  p.  74,  Table  1). 

Rana  sp.  —  A  fragmentary  body 
vertebra  (CM  261)  representing  a 
rather  small  individual  of  the  genus 
Rana  is  not  assigned  to  species. 

Ophisaurus  ventralis  (Linnaeus). 
Material:  1  body  vertebra  (CM  262) 
of  an  adult  individual.  The  three 
species  of  Ophisaurus  in  the  United 
States  may  be  distinguished  from 
one  another  by  vertebral  characters 
(Auffenberg,  1955,  and  Etheridge, 
1960  and  1961).  The  angle  between 
the  posterior  border  of  the  neural 
spine  and  the  longitudinal  axis  of 
the  centrum  in  the  fossil  is  80  de¬ 
grees.  It  ranges  from  65-84  degrees 
in  0.  ventralis,  45-65  degrees  in 
0.  attenuatus,  and  78-91  degrees  in 
0.  compressus  (Etheridge,  1961,  p. 
180).  The  ratio  between  the  length 
of  the  centrum  of  the  fossil  (3.9 
when  measured  from  the  greatest 
depth  of  the  glenoid  cavity  to  the 
most  posterior  extent  of  the  con¬ 
dyle)  divided  by  the  least  width  of 


the  neural  arch  (2.7)  is  1.44.  This 
ratio  ranges  from  1.12-1.55  in  O.  ven¬ 
tralis,  1.10-1.40  in  O.  attenuatus, 
and  1.50-2.00  in  O.  compressus 
(Etheridge,  loc.  cit.).  The  fossil 
represents  O.  ventralis. 

Ophisaurus  ventralis  has  an  odd 
distribution  today.  It  is  principally 
distributed  in  the  southeastern  Unit¬ 
ed  States,  but  there  are  isolated  rec¬ 
ords  from  southeastern  Oklahoma 
and  east-central  Missouri  (McCon- 
key,  1954,  p.  139,  fig.  3).  The  sole 
Missouri  records  (one  from  Jefferson 
County,  and  one  from  St.  Louis)  are 
from  localities  that  are  near  the 
Crankshaft  Pit  fossil  site. 

Thamnophis  sirtalis  (Linnaeus). 
— Material :  52  precaudal  vertebrae, 
CM  263. 

Thamnophis  cf.  Thamnophis  prox- 
imus  (Say). — Material:  25  precau¬ 
dal  vertebrae,  CM  264. 

Holman  (1962)  discussed  the  spe¬ 
cific  identification  of  isolated  Tham¬ 
nophis  vertebrae.  At  this  time  he 
considered  T.  sauritus  and  T.  proxi- 
mus  to  be  subspecifically  related. 
Rossman  (1962)  has  shown  that  both 
are  valid  species.  Thus,  vertebral 
characters  given  by  Holman  (op. 
cit.)  for  “ T .  sauritus ”  apply  to 
both  T.  sauritus  and  T.  proximus. 

Heterodon  plat y rhinos  Latreille. 
Material :  15  precaudal  vertebrae, 
CM  265.  The  three  living  species 
of  Heterodon  ( H .  simus,  H.  nasicus, 
and  H.  plat y rhino s)  may  be  sepa¬ 
rated  on  vertebral  characters  (Hol¬ 
man,  1963). 

Coluber  sp. — I  am  unable  to  sepa¬ 
rate  the  vertebrae  of  modern  Colu¬ 
ber  constrictor  from  those  of  Coluber 
flagellum  on  any  qualitative  or 
quantitative  character.  The  463  ver¬ 
tebrae  (CM  266)  assigned  to  Colu- 
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her  may  represent  either  one  or  both 
species. 

Elaphe  vulpina  (Baird  and  Gi¬ 
rard). — Material:  72  precaudal  ver¬ 
tebrae,  CM  267.  Many  of  the  fossils 
are  in  excellent  condition.  Several 
sections  of  articulated  column  that 
appear  to  represent  a  single  large 
individual  are  present. 

Elaplie  sp. — These  131  precaudal 
vertebrae  (CM  268)  represent  either 
E.  guttata  or  E.  ohsoleta  or  perhaps 
both  species. 

Members  of  the  genera  Elaphe, 
Pituophis,  and  Lampropelitis  have 
similar  vertebral  characteristics. 
Nevertheless,  Pituophis  may  be  dis¬ 
tinguished  from  Elaphe  and  Lam- 
propeltis  on  the  basis  of  the  indented 
anterior  edge  and  greater  height  of 
its  neural  spine.  There  is  variation 
in  the  shape  of  the  neural  spine  in 
the  species  of  Elaphe  and  Lampro- 
peltis,  but  the  condition  found  in 
Pituophis  is  never  seen.  Pituophis 
catenifer  ( Pituophis  melanoleucus 
sayi  of  some  authors)  may  be  distin¬ 
guished  from  Pituophis  melanoleu¬ 
cus  in  that  the  latter  species  has 
higher  neural  spines. 

Elaphe  and  Lampropeltis  are  more 
difficult  to  separate.  In  the  modern 
species  of  Lampropeltis  available  to 
me  the  neural  arch  is  usually  less 
vaulted  than  in  species  of  Elaphe. 
Lampropeltis  getulus  may  usually 
be  distinguished  from  the  larger  spe¬ 
cies  of  Elaphe  and  Lampropeltis  by 
a  combination  of  rather  subtle  char¬ 
acters.  In  L.  getulus  the  vertebrae 
are  quite  robust  with  thick  neural 
spines  and  neural  arches.  The  hemal 
keels  and  subcentral  ridges  are  usu¬ 
ally  quite  strong,  and  the  valleys 
between  the  subcentral  ridges  and 
the  hemal  keel  are  usually  very  deep. 


Moreover,  in  most  specimens  the 
neural  arch  is  flattened,  although 
occasionally  it  may  be  slightly  vault¬ 
ed.  Vertebrae  of  Lampropeltis  doli- 
ata,  L.  zonata ,  and  L.  pyromelana 
have  very  low  neural  spines ;  this 
coupled  with  their  small  size  sepa¬ 
rates  them  from  other  species  of 
the  Elaphe -Lampropeltis  complex. 
The  vertebral  structures  of  Lampro¬ 
peltis  calligaster  are  similar  to  those 
of  some  species  of  Elaphe ,  but  most 
L.  calligaster  have  stronger  hemal 
keels  and  subcentral  ridges  than  do 
species  of  Elaphe. 

Although  some  authors  have  iden¬ 
tified  individual  vertebrae  as  Elaphe 
guttata  and  E.  ohsoleta  I  can  not 
find  characters  that  separate  these 
two  species.  E.  vulpina  may  be  dis¬ 
tinguished  from  the  former  two  spe¬ 
cies  by  its  much  lower  neural  spine. 
This  character  holds  in  both  large 
and  small  specimens. 

Pituophis  catenifer  (Blainville) . 
— Material :  17  precaudal  vertebrae, 
CM  269.  Characters  for  distinguish¬ 
ing  the  vertebrae  of  this  species  have 
been  discussed  in  the  previous  sec¬ 
tion. 

Lampropeltis  getulus  (Linnaeus). 
— Material :  27  precaudal  vertebrae, 
CM  270. 

Lampropeltis  doliata  (Linnaeus). 
—  Material :  126  precaudal  verte¬ 

brae,  CM  271.  Some  of  these  verte¬ 
brae  represent  a  rather  large  speci¬ 
men  or  specimens  of  the  milk  snake. 

Characters  for  distinguishing  the 
vertebrae  of  L.  getulus  and  L.  doli¬ 
ata  have  been  discussed  in  the 
Elaphe  section. 

Crotalus  horridus  Linnaeus. — Ma¬ 
terial  :  24  precaudal  vertebrae,  CM 
272.  One  or  more  small  specimens, 
and  at  least  one  very  large  speci- 
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men  are  represented  by  the  fossils. 

Crotalus  horridus  may  be  distin- 
guished  from  Agkistrodon  piscivorus 
and  A.  contortrix  in  that  the  pits  on 
either  side  of  the  cotyla  of  the  latter 
species  are  more  deeply  excavated. 
In  Sistrurus  eaten  at  us  the  prezyga- 
pophyses  are  tilted  upward  to  a  much 
greater  degree  than  in  Crotalus  and 
Agkistrodon.  Moreover,  a  tiny  spine 
is  usually  visible  just  anterior  to 
the  neural  spine  in  Sistrurus.  This 
spine  is  lacking  in  Crotalus  and 
Agkistrodon.  Crotalus  horridus  is 
the  only  viperid  snake  represented 
in  the  Missouri  fossil  fauna. 

Discussion 

All  of  the  genera  and  species  of 
amphibians  and  reptiles  from  the 
Crankshaft  Pit  represent  forms  that 
are  living  today.  Moreover,  all  of 
the  species  identified  occur  in  or 
near  the  vicinity  today  (Conant, 
1958). 

The  fossil  herpetofauna  is  mainly 
a  terrestrial  one.  Only  a  few  forms 
(Ambystoma  maculatum ,  Ran  a  sp., 
Thamnophis  sirtalis,  and  T.  cf.  proxi- 
mus)  indicate  the  proximity  of  moist 
or  aquatic  conditions,  and  these  spe¬ 
cies  are  represented  by  only  a  few 
bones.  The  ecological  conditions  at 
the  time  of  the  accumulation  of  the 
bones  were  probably  not  much  differ¬ 
ent  from  those  of  the  area  today, 
with  most  of  the  animals  being  ac¬ 
cidentally  derived  from  hardwood 
forests  and  glades  near  the  cave. 

Elaphe  ( guttata  or  obsoleta)  may 
have  entered  the  cave  searching  for 
bats.  Both  species  of  Elaphe  are 
good  climbers.  Dr.  Charles  J.  Flora 
of  Western  Washington  State  Col¬ 
lege  (personal  communication)  has 


observed  Elaphe  guttata  entering 

and  leaving  Grant’s  Cave  (a  well- 

known  bat  locality  in  Alachua  Conn- 

«/ 

ty,  Florida)  by  means  of  a  30  foot 
vertical  shaft.  Moreover,  Carr 
(1940)  reports  several  Elaphe  q. 
quadrivittata  Elaphe  obsoleta  quad- 
rivittata  frequenting  a  cave  inhabi¬ 
ted  by  thousands  of  bats,  in  Citrus 
County,  Florida. 

7 

A  glacial  climate  is  definitely  not 
indicated  by  the  herpetofauna.  Con¬ 
sidering  the  presence  of  the  arma¬ 
dillo,  Dasypus  bellus,  an  interglacial 
or  recessional  stage  is  suggested. 
Based  on  the  striking  similarity  of 
the  herpetofauna  to  one  that  could 
be  found  in  or  near  the  area  today. 
It  seems  likely  that  the  deposit  rep¬ 
resents  late  Pleistocene  times. 
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Abstract.  —  Sacral-presacral  fusion 
occurs  with  a  higher  incidence  in  the 
frogs  of  the  Rana  palmipes  group  than 
in  any  other  species  group  of  new  world 
Rana. 

The  significance  of  sacral  fusions 
in  the  anurans  has  not  been  clearly 
understood.  Noble  (1931)  and  sub¬ 
sequently  other  authors  have  con¬ 
cluded  that  there  was  no  functional 
significance.  However,  these  fusions 
involved,  for  the  most  part,  fusions 
of  presacral  vertebrae  or  of  the  sac¬ 
rum  and  the  coccyx  (urostyle). 

Holman  (1963)  has  recently  stud¬ 
ied  a  large  and  variable  series  of 
anurans  (Ascaphidae,  1 ;  Discoglos- 
sidae,  2 ;  Pipidae,  3 ;  Rhinophyryni- 
dae,  5 ;  Pelobatidae,  36 ;  Leptodac- 
tylidae,  16 ;  Bufonidae,  148 ;  Atelo- 
podidae,  2 ;  Centrolenidae,  1 ;  Hvli- 
dae,  182;  Microhylidae,  13;  and 
Ranidae  119.)  He  found  that  such 
fusions  as  well  as  those  which  were 
obviously  abberant  were  exceptional 
cases — not  the  rule. 

In  this  report  I  will  concern  my¬ 
self  with  the  American  Rana.  The 
material  studied  includes  the  follow¬ 
ing  : 

Rana  areolata  45,  R.  aurora  2,  R.  boy- 
lei  4,  R.  capito  2,  R.  cascadae  8,  R.  ca- 
tesbeiana  48,  R.  clamitans  25,  R.  grylio 
15,  R.  heckscheri  5,  R.  maculata  krukof- 
fi  1,  R.  m.  maculata  6  (by  x-ray),  R. 
palmipes  24,  R.  palustris  22,  R.  pipiens 
pipiens  60,  R.  p.  spheyiocephala  25,  R.  p. 
berlanderi  4,  Rana  pipiens  subsp.  (Mex¬ 
ico)  10,  R.  pretiosa  luteiventris  8,  R. 
pustulosa  7,  R.  septentrionalis  1,  R.  sier- 


ramadrensis  1,  R.  sylvatica  8,  R.  tara- 
humarae  1,  R.  warschewitschii  16.  J. 
Alan  Holman  (in  litt.)  has  told  me  of 
three  additional  R.  palmipes  with  a 
presacral  fusion. 

Zweifel  (1955:210)  studied  several 
Rana  skeletons  in  the  course  of  his  study 
of  the  Rana  boylei  group.  He  studied 
sacrals  of  Rana  aurora  8,  R.  boylei  28, 
R.  cascadae  10,  R.  muscosa  19,  R.  pipiens 
4,  R.  pretiosa  1  and  R.  tarahumarae  4. 

The  American  Rana  studied  by  Hol¬ 
man  (loc.  cit.)  were:  R.  areolata  2,  R. 
aurora  1,  R.  boylei  2,  R.  capito  1,  R.  cas¬ 
cadae  2,  R.  catesbeiana  5,  R.  clamitans 
9,  R.  grylio  4,  R.  heckscheri  3,  R.  palus¬ 
tris  1,  R.  pipiens  78,  R.  sylvatica  7. 
Thus  530  new  world  Rana  are  available 
for  comment. 

Of  the  78  skeletons  studied  by 
Zweifel  (loc.  cit.)  none  showed  a 
presacral-sacral  fusion.  This  is  evi¬ 
denced  bv  Zweifel ’s  remarks  con- 
«/ 

cerning  a  postsacral  fusion — ‘  ‘ .  .  . 
[one  boylei  was]  unusual  in  having 
the  urostyle  and  sacral  vertebra 
fused.”  One  can  be  fairly  sure  that 
if  a  presacral-sacral  fusion  had  been 
evident  Zweifel  would  have  com¬ 
mented  on  it. 

The  species  groups  of  neotropical 
and  to  a  lesser  extent  nearctic  Rana 
have  been  outline  by  Zweifel  (1955, 
1956,  1957,  and  1964)  and  myself 
(MS).  The  Rana  palmipes  group 
includes  R.  maculata  subspp.,  R.  mia- 
dis ,  R.  sierramadrensis,  R.  sinaloae, 
R.  palmipes  subspp.,  R.  taylori ,  R. 
vibicaria  and  R.  warschewitschii 
(Zweifel  1956  and  1964).  The  Rana 
pipiens  group  includes  R.  dunni,  R. 
megapoda,  R.  montezumae  and  R. 
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pi  pic  ns  as  well  as  several  species  in 
the  eastern  United  States.  The 
Rana  catesbeiana  group  is  repre¬ 
sented  only  bv  R.  catesbeiana  in  the 
area  concerned.  R.  clamitans,  R. 
grylio,  R.  heckscheri ,  and  R.  septen¬ 
trional  is  are  members  of  this  group 
whereas  R.  capito  and  R.  palustris 
are  members  of  the  R.  pipiens  group. 

The  fused  sacra  1-presacral  of  R. 
palmipes  is  illustrated  in  Figure  1. 


I - - 4 

1  CM 

Figure  1. — Dorsal  (A)  and  ventral 
(B)  views  of  fused  sacral-presacral  ver¬ 
tebrae  in  an  adult  Rana  palmipes  ( San 
Andres  Tuxtla,  Veracruz,  Mexico.) 

The  fusion  is  symmetrical  and  the 
rule — not  the  exception.  The  data 
in  Table  1  clearly  illustrates  that 
the  frogs  of  the  R.  palmipes  group 
are  nearly  unique  in  the  high  fre¬ 
quency  of  sacral-presacral  fusion. 
The  frogs  of  the  R.  boylei  group 
also  show  some  fusion  and  this  might 
be  expected  as  they  are  closely  re¬ 
lated.  In  the  other  species  which 
showed  the  condition,  the  percent¬ 
ages  are  below  5% — in  all  but  one 
case.  In  this  instance,  R.  capito,  the 


Figure  2. — Ventral  view  of  posterior 
portion  of  vertebral  column  in  Rana 
pustulosa.  (A)  UIMNH  32185,  52  mm 
snout-vent  length;  (B)  UIMNH  32251, 
73  mm  snout-vent  length;  (C)  UIMNH 
40875,  85  mm  snout-vent  length. 

data  was  skewed  because  so  few  indi¬ 
viduals  were  seen.  In  the  closely  re¬ 
lated  R.  areola t a  (considered  con- 
specific  by  some  workers,  e.g.,  Con- 
ant,  1958),  such  fusions  were  not 
seen  in  a  large  series. 

The  R.  palmipes  group  is  mor¬ 
phologically  very  close  to  the  R. 
boylei  group,  particularly  the  two 
southernmost  species,  R.  tarahuma- 
rae  and  R.  pustulosa.  Rana  pustu¬ 
losa  is  superficially  very  much  like 
R.  sinaloae,  the  northernmost  form 
of  the  R.  palmipes  group. 

In  one  specimen  of  R.  tarahuma- 
rae,  a  very  large  adult,  an  obvious 
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Table  1. — Incidence  of  sacral-presacral  fusions  in  new  world  Rana. 


Species 

N  umber 
with 
fusion 

N  umber 
examined 

Percentage 

fused 

R.  capito . 

1 

3 

33 . 3 

R.  clamitans . 

1 

34 

2.9 

R.  catesbeiana . 

1 

53 

1.9 

R.  maculata  (krukoffi) . 

1 

6 

1 

100.0 

R.  maculata  ( maculata  ) . 

6 

1 00 . 0 

R.  palmipes  (adults) . 

24 

24 

100.0 

R.  pipiens . 

5 

179 

2.8 

4.3 

R.  palustris . 

1 

23 

R.  tarahumarae . 

2 

5 

10.0 

R.  pustulosa . 

7 

28. 62 

R.  sierramadrensis . 

1 

1 

100.0 

R.  warschewitschii . 

16 

16 

100.0 

1  Fused  on  one  side  only — see  text. 

2  Fused  only  in  old  adults — see  text. 


fusion  was  seen  on  one  side  of  the 
sacral-presacral  suture  whereas  it  ap¬ 
peared  that  the  other  side  was  not 
fused.  Zweifel  (loc.  cit.)  found  no 
fusions  in  his  specimens.  The  seven 
R.  pustulosa  studied  represented 
three  age  classes — young  (52-53  mm 
snout-vent),  intermediate  (73-74 
mm  snout-vent),  and  large  adults 
(81-85  mm  snout-vent).  The  fusion 
is  clearly  an  ontogenetic  characteris¬ 
tic.  In  the  youngest  individuals 
(Fig.  2)  a  broad  suture  is  in  evi¬ 
dence  and  the  sacral  vertebra  moves 
readily  in  respect  to  the  presacral. 
In  those  specimens  of  middle  age 
where  the  suture  is  still  evidence  al¬ 
though  there  is  some  fusion,  it  was 
possible  to  break  the  bones  apart 
with  relative  ease.  The  older  speci¬ 
mens  showed  no  evidence  of  a  suture 
and  fusion  is  complete.  In  those 
frogs  of  middle  age,  when  the  suture 
was  broken  the  diplasiocoelous  con¬ 
dition  was  still  clearly  evident.  It 

«/ 

is  not  known  if  the  fusion  is  a  result 
of  building  up  of  the  bone  on  the 


surface  or  a  fusion  at  all  surfaces. 
There  seemed  to  be  a  deposition  of 
osseous  material  anterior  to  and  pos¬ 
terior  to  the  suture  in  the  middle 
aged  frogs. 

In  Rana  palmipes,  specimens  60 
mm  in  snout -vent  length  showed  com¬ 
plete  fusion  (Fig.  3)  as  did  all  larger 
individuals  examined  (25  specimens) 
whereas  smaller  individuals  (ca. 
43  mm)  showed  a  non-fused  condi¬ 
tion.  It  seems  likely,  although  suffi¬ 
cient  numbers  of  specimens  are  not 
available  to  test  the  hypothesis,  that 
in  all  species  of  the  Rana  palmipes 
group  the  sacral-presacral  fusion  is 
an  ontogenetic  characteristic  and 
that  this  feature  expresses  itself  ear¬ 
ly  in  the  ontogeny  of  the  members 
of  this  group  and  later  in  the  mem¬ 
bers  of  other  groups. 

That  this  may  well  be  the  case  in 
most  new  world  Rana  is  strongly 
suggested  by  the  remarks  of  Holman 
(loc.  cit.)  who  noted  the  very  high 
incidence  of  fusion  in  Rana  catesbci- 
ana  from  a  Pleistocene  locality  in 
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Figure  3. — Ontogenetic  fusion  of  sacral  and  presacral  vertebrae  in  Rana 
palmipes.  (A)  UIMNH  51175,  43  mm  snout-vent;  (B)  UIMNH  9851,  60  mm  snout- 
vent;  (C)  UIMNH  9857,  90  mm  snout-vent,  ventral  view  illustrating  anomalous 
sacral  diapophysis;  (D)  dorsal  view  of  C. 


Florida.  Dr.  Holman  lias  kindly  per¬ 
mitted  me  to  examine  the  specimens 
and  judging  from  the  sizes  of  cer¬ 
tain  bones,  the  fossils  represent,  in 
nearly  every  case,  individuals  of 
snout-vent  measurements  of  about 
200  mm  (8  inches)  or  more. 

However,  in  the  cases  of  fossils  of 
Rana  pipiens  in  which  the  fused 
condition  is  seen,  the  percentages  of 
fusion  are  much  lower  in  cases  where 
adequate  samples  are  available  and 
correspond  favorably  to  the  percent¬ 
ages  obtained  from  samples  of  Re¬ 
cent  specimens.  Also,  the  fossil  R. 
pipiens  are  not  extra  large  frogs.  In 
the  case  of  this  species,  it  seems  more 
likelv  that  the  fusion  results  from  a 
similar  or  the  same  phenomenon 


which  produces  it  in  Recent  frogs 
of  average  or  moderate  size. 

The  functional  significance  of  the 
sacral-presacral  fusion  in  frogs  is 
not  clearly  apparent.  In  mammals 
several  vertebrae  fuse  to  form  the 
sacrum  and  in  birds  the  synsacrum 
serves  for  greater  stability  and  mo- 
tilitv. 

If  the  evidence  from  the  fossil 
record  is  real  as  well  as  apparent, 
this,  coupled  with  the  ontogenetic  de¬ 
velopment  of  the  sacral  fusion, 
would  seem  to  indicate  that  the  con¬ 
dition  arises  as  an  adaptation  to  the 
stresses  created  by  increased  weight 
and  size  of  older  specimens.  Greater 
forces  would  be  applied,  in  jumping 
and  landing,  to  the  sacrum  in  larger 
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individuals  than  in  smaller  speci¬ 
mens  of  that  species.  Thus  a  larger 
and  more  rigid  sacrum  would  pro¬ 
vide  a  pivot  in  an  area  of  relatively 
little  restricted  movement.  Whitting 
(1964)  has  illustrated  some  of  the 
limits  to  movement  in  the  functional 
unit  composed  of  the  vertebral  col¬ 
umn,  urostyle  and  ilia.  Fusion  of 
some  vertebrae  to  each  other  or  fu¬ 
sion  of  the  sacrum  to  the  urostyle 
would  reduce  some  of  this  move¬ 
ment  and  lend  to  greater  stability. 
Fusion  of  the  sacral  and  presacral 
vertebrae  seems  to  be  the  only  means 
for  a  frog  with  cylindrical  sacral  dia¬ 
pophyses  to  approach  the  condition 
of  a  frog  with  expanded  diapophyses. 
Of  interest  is  the  fact  that  very  few 
ranid  frogs  exhibit  expanded  dia¬ 
pophyses. 

Summary 

The  sacral-presacral  fusion  as  de¬ 
fined  by  Holman  (1963)  occurs  with 
a  higher  incidence  in  the  frogs  of 
the  Rana  palmipes  group  than  in 
any  other  species  group  of  new  world 
Rana.  It  is  seen  only  as  a  rarity  in 
the  pipiens,  catesbeiana,  sylvatica  or 
auroa  species  groups  or  in  very  old 
specimens  (only  fossils  as  far  as  is 
known  at  this  time).  The  fusion 
occurs  as  an  ontogenetic  feature  in 
the  frogs  of  the  boylei  and  palmipes 
groups  and  is  more  characteristic  of 
the  Mexican  species  of  the  former 
group  than  the  Pacific  coast  species 
of  that  group.  Use  of  this  feature 
in  creating  supraspecific  taxa  (e.g. 
Anchylorana)  as  Taylor  (1942)  did 
is  not  to  be  advised. 
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THE  PARTIAL  MOLAL  VOLUME  OF  SODIUM 
MONOFLUOROPHOSPHATE  IN  AQUEOUS  SOLUTION 

AT  25°C 


DAVID  G.  RANDS  and  JAMES  R.  LYERLA,  JR. 

Southern  Illinois  University ,  Edwardsville  Campus 

E.  St.  Louis 


Abstract. — The  density  of  aqueous 
solutions  of  sodium  monofluorophosphate 
has  been  measured  at  25°C  over  the  con¬ 
centration  range  0.4  to  2.0  molal.  The 
partial  molal  volume  is  a  linear  function 
of  the  square-root  of  the  molality  and  is 
defined  by  the  equation 

V2  =  15.6  +  17.5  Vm. 

Similarities  between  monofluoro- 
phosphates  and  sulfates  (Lange, 
1950)  have  been  unjustifiably  inter¬ 
preted  to  mean  that  the  sulfate  and 
monofluorophosphate  ions  behave 
similarly  in  aqueous  solution  (Dev¬ 
onshire  and  Rowley,  1962).  We  have 
measured  the  densities  of  aqueous 
solutions  of  sodium  monofluorophos¬ 
phate,  Na2P03P,  from  which  the  ap¬ 
parent  molal  volume  of  the  salt  is 
calculated  and  the  partial  molal  vol¬ 
ume  ultimately  determined. 

Using  the  data  for  partial  molal 
volumes  we  are  able  to  compare  these 
isoelectronic  and  isomorphic  anions, 
sulfate  and  monofluorophosphate, 
and  qualitatively  compare  their  rela¬ 
tive  hydration  in  aqueous  solution. 

Procedures 

Density  measurements  were  made 
in  Sprengel-type  pycnometers  at 
25.00  ±  0.01 c  C  on  analyzed  samples 
of  sodium  monofluorophosphate  of 
97.0%  purity.  Pycnometer  weigh¬ 


ings  were  made  with  calibrated 
weights  corrected  for  the  buoyancy 
of  air.  A  counter-balance  was  con¬ 
structed  from  glass  to  have  approxi¬ 
mately  the  same  volume  and  surface 
area  as  the  pycnometer  to  compen¬ 
sate  for  the  buoyancy  of  the  pycno¬ 
meter. 


Results 

Table  1  lists  the  densities,  d,  and 
apparent  molal  volumes,  0v,  for 
aqueous  solutions  of  sodium  mono¬ 
fluorophosphate  at  25°  C.  The  ap¬ 
parent  molal  volumes  were  calcu¬ 
lated  using  the  equation  (Harned 
and  Owen,  1950) 

0v  =  1000  (do  —  d)  +  M2  (1) 
in  d  d0  d 

where  m  is  the  molality  of  sodium 

«/ 

monfluorophosphate,  M2  its  molecu¬ 
lar  weight  and  d  and  dQ  the  densities 
of  solution  and  solvent  respectively. 
Masson  (Harned  and  Owen,  1950) 
observed  that  the  apparent  molal 
volume  as  a  function  of  the  square- 
root  molarity  could  be  expressed  by 
the  equation 

0V  =  0vo  +  Sv  Vc  (2) 
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Table  1. — Densities  and  apparent  molal  volumes  of  aqueous  solutions  of  sodium 
monofluorophosphate  at  25 °C. 


m,  moles  per  1000g 
solvent 

density,  s/cm3 

Apparent  molal 
volume,  0v,  CMs/mole 

2.1199 

1.2182 

32 . 309 

1.9218 

1 .1985 

31.604 

1 . 6974 

1 . 1788 

31.040 

1.8994 

1.1504 

29 . 637 

1 .1974 

1 . 1302 

28.738 

0.99702 

1.1104 

26.967 

0.80166 

1.0890 

26 . 556 

0  59457 

1 . 0670 

24.428 

0.40160 

1.0451 

22 . 950 

0 . 38958 

1.0438 

22 . 772 

for  many  electrolyte  solutions.  The 
relation  often  extends  to  concentrate- 
ed  solutions.  In  their  expression 
0v°  is  the  limiting  molal  volume  and 
Sv  is  the  slope  of  the  line.  A  least- 
squares  evaluation  of  our  data,  in 
which  we  have  chosen  to  express  con¬ 
centration  in  terms  of  molality  (  Mac- 
Innes  and  Daylioff,  1952),  yields  the 
result 

0v  =  15.6  +  11.7  V  m  (3) 

where  the  value  of  the  limiting  molal 
volume  of  sodium  monofluorophos¬ 
phate  is  15.6  ±  0.9  cnr'/mole. 

The  partial  molal  volume  of  the 
solute  may  be  expressed  (Maclnnes 
and  Daylioff,  1952)  by 

V2  =  0v  =  0v  +  m  30v  (4) 

3m  3m 

so  that  from  our  data 

V2  =  15.6  +  17.5  V  m  (5) 

for  aqueous  solutions  of  sodium 
monofluorophosphate  over  the  con¬ 
centration  range  0.4  to  2.0  molal  at 
25°C. 


Figure  1. — Masson  Plot  for  sodium 
monofluorophosphate  and  sodium  sulfate 
at  25°C. 


Figure  1  represents  the  Masson 
plot  of  our  data  with  the  least- 
squares  line  drawn.  Included  is  the 
line  for  sodium  sulfate  taken  from 
the  data  of  Longsworth  (1935). 

Discussion 

As  we  interpret  the  extrapolated 
value  of  0v°  of  sodium  monofluo- 
rophosphate,  it  is  valid  aboAT  0.4 
molal  and  represents  the  state  of 
the  salt  in  the  region  for  which  we 
have  made  density  measurements. 
The  limiting  value,  0v°,  cannot  be 
interpreted  as  representing  the  salt 
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at  low  solution  concentrations  be¬ 
cause  hydolysis  changes  this  para¬ 
meter  as  was  observed  for  sodium 
carbonate  by  Lamb  and  Lee  (1913). 
Comparison  of  0v°  with  that  of 
sodium  sulfate  verifies  the  expecta¬ 
tion  that  the  monofluorophosphate 
ion  is  more  extensively  hydrated 
than  sulfate.  Although  both  ions 
are  tetrahedral  and  display  crystal¬ 
line  isomorphism,  the  monofluoro¬ 
phosphate  ion  is  assymmetrical  so 
would  be  expected  to  be  more  ex¬ 
tensively  hydrated  than  sulfate  in 
aqueous  solution. 

The  difference  in  slope  of  the  line 
for  sulfate  and  monofluorophosphate 
solutions  also  reflects  the  more  ex¬ 
tensive  hydration  of  monofluorophos¬ 
phate.  At  higher  concentrations  the 
apparent  molal  volume  of  monofluo¬ 
rophosphate  is  less  than  sulfate.  We 
might  interpret  this  as  a  manifes¬ 
tation  of  the  compression  of  that 
extra  quantity  of  water  which  is 
included  in  the  hydration  sphere  of 
the  monofluorophosphate  ion  thus 
effectively  reducing  the  actual  vol¬ 
ume  occupied  by  solvent  in  these 
solutions. 

These  simple  differences  in  hydra¬ 
tion  point  out  the  danger  in  equat¬ 
ing  solution  properties  of  sulfate 
and  monofluorophosphate  simply  be¬ 
cause  they  will  form  mixed  salts 
and  their  alkaline-earth  salts  have 
similar  solubilities.  Devonshire  and 
Rowley  (1962)  have  substituted  the 
activity  coefficients  of  sulfuric  acid 
for  those  of  monofluorophosphoric 
acid,  HoP03F,  in  a  study  of  the 
hydrolysis  of  monofluorophosphoric 
acid.  Our  observations  on  molal  vol¬ 
umes  would  indicate  the  danger  in 
such  a  rash  assumption  even  without 


the  more  obvious  inconsistency  re¬ 
sulting  from  wide  divergence  of  the 
acid  dissociation  constants  them¬ 
selves.  Devonshire  (Van  Wazer, 
1958)  has  reported  approximate  val¬ 
ues  of  the  dissociation  constants  of 
monofluorophosphoric  acid  which 
show  this  acid  to  be  much  weaker 
than  sulfuric. 
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NEWS  AND  COMMENTS 


This  issue  of  the  Transactions  and 
the  one  that  preceded  it  were  paid 
for  by  funds  collected  from  you 
readers.  Some  hasty  calculations 
and  rounding  of  figures  show  that 
each  of  you  contributed  approxi¬ 
mately  two  cents  toward  the  cost  of 
this  page. 

If  you  want  to  publish  in  haste  in 
the  Transactions,  write  a  “Note’’. 
Otherwise,  you  will  wait  and  wait 
and  wait.  Volume  58  is  full  of  pa¬ 
pers  and  good  start  has  been  made 
toward  filling  the  first  issue  for  1966. 

In  order  that  you  may  get  your 
two  cents  worth  from  this  page,  I’ll 
stem  my  flow  of  golden  words  and 
bring  to  you  a  message  from  the  new 
President  of  the  Illinois  Academy  of 
Science — G.  R.  Yohe  of  the  Illinois 
State  Geological  Survey. 

At  the  DeKalb  meeting  of  the 
Academy  there  was  some  discussion 
in  the  Council  of  the  desirability 
of  holding  our  Annual  Meeting  in 
the  fall,  rather  than  in  the  spring 
as  is  current  practice.  Cited  as  one 
possible  advantage  was  the  hope  that 
High  School  science  teachers,  who 
are  so  busy  with  student’s  Exposi¬ 
tion  projects  and  arrangements  that 
it  is  difficult  or  impossible  for  them 
to  attend  a  spring  meeting,  might 
get  there  in  the  fall.  It  would  help 
the  Council  to  receive  a  large  volume 
of  members’  opinions  on  this  matter. 
Why  not  send  your  views  to  A.  E. 


Liberta,  Secretary,  Illinois  State 
University,  Normal,  or  to  G.  R. 
Yohe,  President,  State  Geological 
Survey,  Urbana,  Illinois?  Even  if 
such  a  change  receives  a  favorable 
vote,  it  could  not  be  implemented  for 
some  time,  as  we  are  committed  to 
meet  at  Illinois  State  University  in 
Normal  in  April  of  1966  and  at  East¬ 
ern  Illinois  University  in  Charleston 
in  April  of  1967. 

The  Academy  could  use  new  mem¬ 
bers,  and  many  of  the  scientists  in 
the  state  could  use  Academy  mem¬ 
bership.  Our  annual  meetings  bring 
us  interesting  and  instructive  papers 
as  well  as  fine  opportunities  to  meet 
our  colleagues.  And  in  recent  years 
(I  forbid  the  Editor  to  change  a 
word  of  this  sentence)  the  TRANS¬ 
ACTIONS  has  become  an  attractive, 
modern  journal  of  which  we  are 
proud,  and  it  is  being  issued  four 
times  a  year  on  schedule.  The  only 
way  to  subscribe  to  it  is  to  become  a 
member  of  the  Academy,  and  it’s 
worth  the  $5.00  and  then  some.  Show 
a  copy  to  your  friends,  and  ask  them 
to  join  the  Academy.  Membership 
application  blanks  may  be  obtained 
from  the  Secretary,  from  the  Presi¬ 
dent,  or  from  Dr.  Max  R.  Mat- 
teson,  343  Natural  History  Build¬ 
ing,  University  of  Illinois,  Urbana, 
Chairman  of  the  Membership  Com¬ 
mittee,  or  from  any  member  of  his 
committee. 

— G.  R.  Yohe 
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GENNAEOCRINUS  SP.  FROM  THE  GLEN  PARK 
FORMATION  OF  NORTHEASTERN  MISSOURI 

GEORGE  H.  FRAUNFELTER 

Southern  Illinois  University ,  Carhondale 


Abstract.  —  The  presence  of  Gen¬ 
naeocrinus  sp.  in  the  Glen  Park  Forma¬ 
tion  suggests  a  Devonian  age  for  that 
unit. 


To  my  knowledge  a  specimen  of  Gen¬ 
naeocrinus  collected  by  me  represents 
the  first  reported  occurrence  of  this 
genus  in  the  Glen  Park  Formation. 
The  collection  locality  is  a  road  cut 
along  the  west  side  of  a  gravel  road 
about  one-lialf  mile  south  of  Stark  Nur¬ 
sery  in  the  SE %  SE44  SW%  sec.  25, 
T.  54  N.,  R.  2  W.,  Pike  County,  Missouri. 
The  specimen  is  deposited  as  Univer¬ 
sity  of  Missouri  No.  14869. 

Description 

Calyx  medium-sized,  incomplete,  about 
28  mm.  in  diameter,  apparently  wider 
than  high,  semi-globose,  slightly  dis¬ 
torted.  BB  3,  pentagonal,  slightly  thick¬ 
ened  to  form  rim.  RR  5,  hexagonal, 
about  as  wide  as  high.  T  plate  narrower 
than  RR,  rounded,  followed  by  three 
plates  in  the  first  row  (one  missing)  and 
five  in  the  second  row  (two  missing). 
PBrBr  5,  hexagonal,  much  smaller  than 
RR.  IBrBr  4,  hexagonal,  apparently  fol¬ 
lowed  by  three  plates  in  the  second  row. 
PBrBr  followed  by  hexagonal  PAxAx 
of  slightly  smaller  size.  Calyx  above 
PAxAx  missing  or  poorly  preserved 
(Fig.  1). 

Ornamentation,  plates  and  plate  ar¬ 
rangement  similar  to  that  of  G.  ken- 
tuckyensis  ( Shumard ) . 

Discussion 

Stuart  Weller  (1906,  pp.  435-471)  de¬ 
scribed  the  Glen  Park  fauna,  consisting 
largely  of  pelecypod,  brachiopod  and  gas¬ 
tropod  species,  the  majority  of  which 
exhibit  strong  Devonian  affinities.  Some 
of  the  species,  according  to  Weller,  in¬ 
dicate  a  strong  lower  Mississippian  re¬ 
lationship.  It  was  primarily,  however, 
the  presence  of  fragmentary  crinoicl 
remains  identified  by  Weller  as  Ac- 


Figure  1. — Calyx  of  Gennaeocrinus 
sp.,  University  of  Missouri  No.  14869, 
from  the  Glen  Park  Formation  near 
Louisiana,  Missouri.  (A)  Posterior  view 
showing  the  position  of  T  and  associ¬ 
ated  anal  plates,  xl,  and  (B)  Basal 
view  showing  the  position  of  BB,  RR, 
and  T  plates,  xl. 
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tinocrinus ?  sp.  and  Agarieocrinus ?  sp., 
which  led  him  to  assign  a  Kinderhook- 
ian  age  to  the  Glen  Park  Formation. 

A  later  review  by  Moore  (1928,  pp. 
136-137)  listed  the  same  crinoid  gen¬ 
era  from  the  Glen  Park  and  confirmed 
its  Kinderhookian  age. 

In  1938,  E.  B.  Branson  (part  1,  p. 
132)  stated:  “The  fragments  figured 
by  Weller  and  referred  questionably  to 
Actinocrinus  and  Agarieocrinus  are  not 
complete  enough  to  distingusli  them 
from  Devonian  genera.”  Branson,  nev¬ 
ertheless,  still  considered  the  Glen  Park 
to  be  lower  Mississippian  in  age. 

Judging  by  Weller’s  illustration,  some 
of  his  crinoid  fragments  might  be  re- 
ferrable  to  Gennaeoerinus.  The  speci¬ 
men  here  described  is  both  complete 
enough  and  well  enough  preserved  to 
be  referred  to  Gennaeoerinus  with  cer¬ 
tainty. 

In  the  past  the  Glen  Park  Formation 
has  been  assigned  to  the  Mississippian. 
Some  geologists,  however,  have  consid¬ 
ered  it  to  be  Devonian  in  age  (Mehl, 
1960,  pp.  73-74  and  104).  The  presence 


of  Gemiaeoerinus  sp.,  which  is  consid¬ 
ered  restricted  to  Devonian  strata,  sug¬ 
gests  to  this  author  that  the  Glen  Park 
might  more  properly  be  included  among 
Devonian  beds. 
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A  PRELIMINARY  CHECK-LIST  OF  THE  AQUATIC 
HYDROPHILIDAE  OF  ILLINOIS 

DAVID  P.  WOOLDRIDGE 

Southern  Illinois  University ,  Alton 


Abstract.  —  A  list  of  species  of  hy- 
drophilid  water  beetles  known  to  occur 
in  Illinois  is  presented. 


The  following  list  of  the  liydrophilid 
water  beetles  was  made  as  part  of  a 
continuing  survey  of  the  aquatic  beetles 
of  Illinois.  This  list  includes  all  species 
which  the  author  has  seen  from  Illi¬ 
nois  or  collected  personally.  The  re¬ 
sponsibility  for  all  identifications  is  his. 
An  indication  of  the  known  distribution 
is  made  for  those  species  which  do  not 
appear  to  occur  throughout  the  state, 
although  complete  county  by  county  rec¬ 
ords  must  await  the  results  of  con¬ 
tinuing  collecting. 

Berosinae 

Berosus  pugnax  LeC. 

Southern  half  of  Illinois 
B.  aculeatus  LeC. 

B.  pantherinus  LeC. 

B.  peregrinus  (Hbst.) 

B.  exiguus  (Say) 

B.  infuscatus  LeC. 


B.  striatus  (Say) 

B.  fraternus  LeC. 

Derallus  altus  (LeC.) 

Extreme  southern  Illinois 

Hydrophilinae 

Hyclrophilus  triangularis  (Say) 
Hydrochara  obtusata  (Say) 

Diboloeelus  ovatus  (G.  &  H.) 
Tropisternus  mexicanus  mexicanus 
(Cast.) 

Southwestern  part  of  Ill.,  in  coun¬ 
ties  bordering  Mississippi  and  Illi¬ 
nois  Rivers 

T.  mexicanus  striolatus  (LeC.) 

Southern  half  of  Ill. 

T.  lateralis  nimbaitus  (Say) 

T.  glaber  (Hbst.) 

Extreme  northern  Illinois 
T.  blatchleyi  modestus  d’Orcli. 

T.  natator  d’Orch. 

T.  ellipticus  (LeC.) 

West  central  Illinois 

Hydrobiinae 

Hydrobius  fuscipes  Linn. 

Northern  Illinois 
Anacaena  limbata  (Fab.) 
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Helochares  maculicollis  Muls. 

Southern  two-thirds  of  Illinois 
Laccobius  agilis  Rand. 

Crenitis  longulus  (Fall) 

Only  Madison  Co.  records  known 
Helocombus  bifidus  (LeC.) 

Paracymus  despectus  (LeC.) 

P.  subcupreus  (Say) 

Enochrus  pygmaeus  (Fab.) 

E.  ochraceus  (Melsh.) 

E.  perplexus  (LeC.) 

E.  chief  us  (Say) 

E.  horni  Leech 
E.  consortus  Green 

Southern  one-tliird  of  state 
E.  diffusus  (LeC.) 

Cymbiodyta  fimbriata  (Melsh.) 

C.  blanchardi  Horn 
Northern  Illinois 
C.  minima  Notm. 

Northern  Illinois 
G.  vindicata  Fall 
C.  acuminata  Fall 

Chaetarthri  inae 

Chaetarthria  atra  (LeC.) 

The  author  would  appreciate  seeing 
any  specimens  of  Illinois  water  beetles 


and  will  gladly  determine  any  which 
are  sent  to  him. 

Five  other  species,  known  to  occur  in 
surrounding  states,  have  been  omitted 
from  the  list  because  specimens  from 
Illinois  have  not  yet  been  seen  by  the 
author.  These  are  Tropisternus  mixtus 
(LeC.),  Hydrobius  tumidus  LeC.,  H. 
melaenum  Germ.,  Cymbiodyta  rotunda 
(Say),  and  Chaetarthria  pallida  (LeC.). 

Hydrochus  and  Helophorus  which 
have  often  been  included  in  the  Hy- 
drophilidae  are  not  treated  here,  since 
studies  of  their  larval  characters  in¬ 
dicate  that  they  should  be  treated  as 
separate  families. 
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NOTES  ON  A  POPULATION  OF  TUEBELLARIAN 
FLATWORMS,  PROCOTYLA  FLUVIATILIS  LEIDY 

STEVE  L.  WUNDERLE 
Southern  Illinois  University,  Carbondale 


Abstract.  —  A  large  population  of 
turbellarian  flatworms,  Procotyla  fluvia¬ 
tilis  Leidy,  was  found  in  Mason  City, 
Mason  County,  Illinois.  The  population 
increased  from  245  flatworms  on  Febru¬ 
ary  16,  1961,  to  1,200  specimens  on  Feb¬ 
ruary  15,  1964.  The  increase  may  have 
resulted  from  a  greater  food  supply  and 
from  more  protective  cover  for  the  flat- 
worms  caused  by  an  increase  of  aquatic 
vegetation  and  reduced  water  velocity. 


Procotyla  fluviatilis  Leidy,  (Fig.  1) 
is  a  large  white  flatworm  usually 
inhabiting  lakes,  ponds,  rivers  and 
springs.  It  is  commonly  found  on  the 
underside  of  stones,  debris  and  acquatic 
vegetation.  The  distribution  of  this 
species  includes  all  of  northeastern 
North  America  (Kenk,  1944);  however, 
its  occurrence  in  Illinois  is  relatively 


Figure  1. — A  14.5  mm  specimen  of 
Procotyla  fluviatilis.  Photograph  by 
Wilmer  Zelir,  Illinois  Natural  History 
Survey,  Urbana,  Illinois. 

unknown.  Woodworth  (1897)  found  the 
species  at  Thompson’s  Lake  (now 
drained)  in  Mason  County  near  Havana, 
Illinois,  and  Hyman  (1928)  recorded 
it  at  Cary,  McHenry  County,  Illinois. 
The  species  has  never  been  reported 
in  large  numbers. 

The  population  of  flatworms  discussed 
in  this  paper,  was  found  in  a  spring- 
fed  drainage  ditch  (average  yearly  tem¬ 
perature,  12.3  C)  located  in  Sec.  29.  30, 
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31,  T  19.5N,  R  5.5W,  Mason  City  Town¬ 
ship,  Mason  County,  Mason  City,  Illi¬ 
nois  20  miles  southeast  of  Havana,  Illi¬ 
nois.  The  ditch  flows  for  one-fifth  of  a 
mile  parallel  to,  and  on  the  south  side 
of  an  east-west  gravel  road;  it  then 
flows  in  a  southwesterly  direction  for 
1.6  miles  before  emptying  into  Salt 
Creek. 

On  February  16,  1961,  the  entire  ditch 
was  searched  for  flatworms;  245  speci¬ 
mens  of  P.  fluviatilis  were  found  in  the 
east-west  part  of  the  ditch.  None  was 
found  in  the  part  of  the  ditch  flowing 
southwest.  In  much  of  the  east-west 
section  of  the  ditch  the  rate  of  water 
flow  was  1.45  cubic  feet  per  second.  The 
rate  of  flow  increased  gradually  to  a 
velocity  of  7.46  cubic  feet  per  second 
at  the  point  where  the  ditch  emptied 
into  Salt  Creek.  There  was  little  aquatic 
vegetation  in  the  ditch  at  that  time. 
Flatworms  were  found  under  the  fol¬ 
lowing  debris:  the  top  of  a  chicken 
feeder,  an  auto  tire,  pieces  of  brick  and 
tile,  small  boards,  and  dead  tree  twigs 
and  branches.  Some  specimens  were  ob¬ 
served  moving  on  the  bottom  of  the 
ditch. 

On  February  15,  1964,  the  ditch  was 
searched  again  for  flatworms.  Aquatic 
vegetation  consisting  of  Lemna  minor, 
Geratophyllum  demersum,  Bidens  com 
osa,  B.  cernua ,  B.  coronata,  and  Poly¬ 
gonum  fluitans  had  increased  to  such 
an  extent  by  February,  1964,  that  little 
open  water  occurred  in  the  portion  of 
the  ditch  along  the  east-west  road  (Plant 
nomenclature,  Jones,  1950).  The  re¬ 
mainder  of  the  ditch,  the  portion  run¬ 
ning  southwesterly,  was  completely  cov¬ 
ered  with  Nasturtium  officinale.  No 
water  flow  was  measured  for  1964. 

Approximately  1,150  specimens  were 
found  in  the  part  of  the  ditch  flowing- 


west  along  the  road.  Eight  hundred 
seventy-five  of  these  specimens  were  un¬ 
der  debris  as  in  1961,  while  275  were 
found  on  the  under-side  of  aquatic  vege¬ 
tation.  Fifty  individual  specimens  were 
observed  under  debris  in  the  section  of 
the  ditch  flowing  in  a  southwesterly  di¬ 
rection  10  yards  south  of  the  east-west 
gravel  road;  none  was  found  farther 
downstream. 

The  apparent  increase  in  numbers  of 
flatworms  from  1961  to  1964,  and  exten¬ 
sion  of  the  population  into  the  south 
ditch  may  have  resulted  from  an  in¬ 
crease  in  its  unique  food  supply  of  small 
Crustacea,  an  increase  in  acquatic  vege¬ 
tation,  and  reduced  water  velocity  which 
offered  more  protective  cover  for  the 
flatworms. 

This  study,  done  while  attending  East¬ 
ern  Illinois  University,  was  under  the 
supervision  of  Dr.  Hugh  Rawls,  Asso¬ 
ciate  Professor  of  Zoology. 
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THE  VISCOSITY  OF  AQUEOUS  SOLUTIONS 
OF  SODIUM  MONOFLUOROPHOSPHATE 


DAVID  G.  RANDS  AND  THOMAS  G.  TEAGUE 

Southern  Illinois  University,  Edwardsville  Campus 

E.  St.  Louis 


Abstract.  —  The  viscosity  of  aqueous 
solutions  of  sodium  monofluorophos- 
phate,  NasPOsF,  has  been  determined 
at  25°  C  over  a  concentration  range  up 
to  1.6  molar.  The  concentration  de¬ 
pendence  of  the  fluidity,  <p,  can  be  ex¬ 
pressed  by  the  equation  <p  —  1  —  0.01568- 
Vc  —  0.4160c  up  to  a  concentration  of 
0.5  molar. 


We  have  determined  the  viscosity  of 
aqueous  solutions  of  sodium  monofluoro- 
phospliate,  Na2POaF,  at  25°  C  over  the 
concentration  range  0.014  to  1.6  moles 
per  liter.  Viscosity  measurements  were 
made  in  quadruplicate  in  modified  Ost- 
wald  viscosimeters.  Solutions  were  pre¬ 
pared  from  crystalline  sodium  mono- 
fluorophosphate  of  97.0%  purity. 

Table  1.  —  Relative  Viscosity  as  a 
Function  of  Molar  Concentration  for 
Aqueous  Solutions  of  Sodium  Monofluor- 
ophosphate  at  25°  C. 


c,  moles  l-i  v 


0.0140 

1.0024 

0.0207 

1.0041 

0.0336 

1.0141 

0.0433 

1.0167 

0.0511 

1.0210 

0.0552 

1.0270 

0.0640 

1.0317 

0.0792 

1.0387 

0.0872 

1.0395 

0.0948 

1.0445 

0.1129 

1.0560 

0.1957 

1.0963 

0.2928 

1.1509 

0.3773 

1.2009 

0.4075 

1.2163 

0.6098 

1.3452 

0.7207 

1.4177 

0.8438 

1.5229 

1.0655 

1.7095 

1.2296 

1.8657 

1.3448 

1.9754 

1.6374 

2.9051 

Our  data  are  presented  in  Table  1 
where  c  represents  the  concentration  of 
sodium  monofluorophosphate  in  moles 
per  liter  and  77  is  the  relative  viscosity 
of  the  solutions.  Relative  viscosity  is 
the  ratio  of  the  viscosity  of  the  solution 
to  that  of  the  pure  solvent. 

The  data  was  evaluated  according  to 
the  methods  of  Gruneisen  (Harned  and 
Owen,  1950)  and  Jones  and  Dole  (1929). 
Gruneisen  observed  that  in  regions  of 
high  dilution  viscosity  is  not  a  linear 
function  of  concentration.  Plotting  rel¬ 
ative  viscosity  versus  concentration, 
he  observed  that  the  curves  for  many 
electrolytes  exhibit  negative  curvature 
as  concentration  is  reduced.  This  be¬ 
haviour  for  electrolytes  appears  to  be 
general  and  has  been  termed  (Jones  and 
Talley,  1933)  the  Gruneisen  effect.  Our 
data  for  sodium  monofluorophosphate  ex¬ 
hibits  this  general  behaviour. 

Jones  and  Dole  (1929)  observed  that 
the  equation 

<p=:  1  +  AV  c  +  Be  (l) 

accurately  represents  the  fluidities,  <p,  of 
many  solutions  to  reasonably  high  con¬ 
centrations.  Fluidity  is  defined  as  the 
reciprocal  of  the  relative  viscosity.  The 
data  were  plotted  as  (<p  —  1)/Vc  ver¬ 
sus  V  c  as  a  consequence  of  Equation  1 
being  rearranged  to 

(<p  —  l)/Vc  =  A  +  BVc  (2) 

which  is  the  equation  of  a  straight  line. 
The  resulting  plot  yielded  negative  val¬ 
ues  of  A  and  B.  This  behaviour  is 
generally  observed  for  electrolytes  which 
increase  the  viscosity  of  the  medium. 
Our  data  were  linear  up  to  a  concentra¬ 
tion  of  0.5  moles  per  liter.  A  least- 
squares  analysis  of  the  data  yields  the 
equation 

<p  =  l  —  0.01568  Vc  — 0.4160c  (3) 

for  aqueous  solutions  of  sodium  mono¬ 
fluorophosphate  at  25°  C  up  to  a  con¬ 
centration  of  0.5  moles  per  liter. 

This  work  was  supported  by  the  Co¬ 
operative  Research  Program  in  Chem¬ 
istry  of  the  Edwardsville  Campus  of 
Southern  Illinois  University.  The  sam¬ 
ple  of  sodium  monofluorophosphate  used 
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in  this  investigation  was  a  gift  of  the 
Ozark-Mahoning  Company  of  Tulsa, 
Oklahoma. 
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ACADEMY  BUSINESS 


SECRETARY’S  REPORT  FOR  THE  YEAR— 
APRIL  27.  1963— APRIL  27,  1964 


COUNCIL  MEETINGS 

The  Council  held  four  meetings  dur¬ 
ing  the  year,  as  stipulated  in  the  Con¬ 
stitution. 

First  Council  Meeting. — The  first 
Council  meeting  was  held  in  the  Mis¬ 
souri  Room,  Memorial  Center,  South¬ 
ern  Illinois  University  on  Saturday 
morning,  April  27,  1963,  with  Pres- 
dent  Elnore  Stoldt  presiding.  Twelve 
persons  were  present. 

Dr.  E.  H.  Hadley,  Second  Vice-Presi¬ 
dent,  reported  that  208  persons  had 
registered  for  the  56th  Annual  Meet¬ 
ing. 

Dr.  E.  C.  Galbreath  was  reappointed 
Editor  of  the  TRANSACTIONS. 

Mr.  Arthur  R.  Wildhagen  was  reap¬ 
pointed  as  the  Academy’s  Publicity  Ad¬ 
visor. 

Miss  Joan  Hunter  was  appointed  as 
the  Delegate  to  the  AAAS  Academy 
Conference. 

Dr.  W.  B.  Hendrickson  was  appointed 
as  the  Historian  of  the  Academy. 

Drs.  William  Lewis  and  Boris  Musulin 
were  appointed  to  the  Audit  Committee. 

Second  Council  Meetirig. — This  was 
held  in  the  Conference  Room  of  the 
Illinois  State  Museum,  Springfield,  Illi¬ 
nois  on  Saturday,  November  2,  1963. 
Forty-three  members  were  in  attendance. 

The  first  hour  of  the  meeting  was 
devoted  to  a  discussion  of  Junior  Acad¬ 
emy  reports  and  problems,  after  which 
the  Junior  Academy  officers  withdrew 
to  a  separate  meeting  room. 

Dr.  Galbreath,  Editor,  reported  that 
a  ‘‘News  and  Notes”  section  had  been 
added  to  the  Transactions  and  that  an 
abstract  would  be  included  at  the  be¬ 
ginning  of  each  article. 

Third  Council  Meeting.  —  This  was 
held  in  the  Memorial  Union  Building, 
Illinois  Wesleyan  University,  Blooming¬ 
ton  on  February  8,  1964.  Twenty-three 
members  were  in  attendance. 

Dr.  Joseph  Collins,  Second  Vice-Presi¬ 
dent,  reported  that  all  physical  facilities 
at  Illinois  Wesleyan  University  have 
been  reserved  for  the  57th  Annual  Meet¬ 
ing. 


It  was  decided  that  a  time  and  place 
be  included  in  the  Program  for  mem¬ 
bers  interested  in  establishing  new  Sec¬ 
tions  of  the  Academy.  The  time  for 
this  meeting  will  run  concurrently  with 
the  Paper  Sessions  and  the  Secretary 
will  be  present  at  that  meeting. 

The  Section  Chairmen  presented  brief 
leports  regarding  the  number  of  papers 
scheduled  for  each  section. 

Dr.  R.  Evers  presented  the  report 
of  the  Planning  Committee.  The  topics 
discussed  by  the  committee  and  their 
actions  are  summarized  below: 

1.  Suitability  of  the  name  Transac¬ 
tions:  unanimously  voted  to  retain  the 
name. 

2.  Establishment  of  emeritus  mem¬ 
bership:  not  recommended. 

3.  Creating  the  rank  of  Fellow:  not 
approved. 

4.  Permitting  equipment  manufactur¬ 
ers  to  exhibit  at  Annual  Meetings:  rec¬ 
ommended. 

5.  Recommended  the  appointment  of 
an  Ad  Hoc  committee  to  study  the  pos¬ 
sibility  of  a  different  time  for  the  an¬ 
nual  meeting. 

6.  Page  charge  for  non-members: 
tabled. 

It  was  decided  that  a  page  charge  be 
instituted  for  the  publication  of  papers 
by  non-members  in  the  Transactions. 
The  amount  to  be  charged  will  be  de¬ 
termined  by  the  Editor  in  conference 
with  the  Editorial  Board  and  the  Li¬ 
brarian,  and  that  these  charges  can  be 
waived  in  those  cases  where  the  paper 
has  been  invited  by  the  Council  or  by 
the  Editor. 

Fourth  Council  Meeting. — This  meet¬ 
ing  was  called  to  order  at  7:30  P.M. 
by  President  Elnore  Stoldt  following  a 
dinner  in  the  Memorial  Union,  Illinois 
Wesleyan  University,  Bloomington  on 
April  23,  1964.  Twenty-six  members  were 
present. 

The  Section  Chairmen  reported  that 
all  preparations  for  the  annual  meeting 
had  been  completed. 

The  Secretary  read  a  letter  from  the 
Audit  Committee  stating  that  the  books 
of  the  Treasurer  had  been  audited  and 
found  to  be  in  order. 
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THE  57th  ANNUAL  MEETINGS 

General  Meeting. — The  general  ses¬ 
sion  of  Friday  morning,  April  24,  1964, 
held  in  the  Auditorium  of  the  Uni¬ 
versity  Union  was  called  to  order  by 
President  Elnore  Stoldt. 

Dr.  Lloyd  M.  Bertholf,  President,  Illi¬ 
nois  Wesleyan  University,  gave  the  ad¬ 
dress  of  welcome.  This  was  followed 
by  Miss  Stoldt’s  Presidential  address, 
“What  Instrument  do  you  Play?” 

The  Presidential  address  was  followed 
by  a  panel  discussion,  “Answers  to  Ques¬ 
tions.”  The  panel  consisted  of  Dr.  Har¬ 
low  B.  Mills,  Chief,  Illinois  Natural 
History  Survey,  Dr.  C.  L.  Kanatzar, 
Dean  of  the  Faculty,  MacMurray  Col¬ 
lege,  Dr.  Robert  A.  Evers,  Associate 
Botanist,  Illinois  Natural  History  Sur¬ 
vey,  and  Dr.  Walter  B.  Welch,  Chair¬ 
man,  Department  of  Botany,  Southern 
Illinois  University. 

Section  Meetings. — On  Friday  after¬ 
noon,  April  24,  the  following  papers 
were  presented: 

Anthropology 

Room  120,  Sheriff  Hall 
Charles  H.  Lange,  Chairman 
Southern  Illinois  University,  Carbondale 

Culture,  Behavior  and  the  Individual. 
Thorne  Deuel,  Illinois  State  Museum, 
Springfield. 

Age  and  Size  Determinations  of  Fish 
Remains  Collected  from  Archaeological 
Sites.  Andreas  A.  Paloumpis,  Illinois 
State  University,  Normal. 

Aquatic  Biology 
Room  206,  Shaw  Hall 
Maurice  Whitacre,  Chairman 
Illinois  Department  of  Conservation, 
Carbondale 

The  Comparative  Effects  of  Parrot 
Fish  Thyroid  Gland  and  Synthetic  Thy¬ 
roxin  on  the  Respiratory  Metabolism  of 
White  Mice.  R.  A.  Kenner,  R.  G.  Bjork- 
lund  and  E.  C.  Gasdorf,  Bradley  Uni¬ 
versity,  Peoria. 

Variations  in  the  Carrying  Capacity 
of  Ridge  Lake  for  Fish  during  a  Twen¬ 
ty-two-year  period.  George  W.  Bennett, 
Illinois  Natural  History  Survey,  Urbana. 

Summary  of  the  Age  and  Rate  of 
Growth  of  Game  Fish  in  Reelfoot  Lake, 
Tennessee,  from  1937  through  1961.  Rob¬ 
ert  J.  Shaffman,  Spaulding  Institute, 
Peoria. 

The  Effect  of  Rotenone  on  Oxygen 
Uptake  by  Bluegill  Liver  Mitchondria. 
Robert  G.  Hiltibran  and  Michael  G. 


Johnson,  Illinois  Natural  History  Sur¬ 
vey,  Urbana. 

Temperature  and  Salinity  Tolerance 
in  Tilapia.  H.  H.  Shoemaker  and  David 
Thomas,  University  of  Illinois,  Urbana. 

Hypothetical  Additions  to  the  List  of 
Illinois  Fishes.  Philip  W.  Smith  and 
Marvin  E.  Braasch,  Illinois  Natural  His¬ 
tory  Survey,  Urbana. 

Botany 
Section  A 

Faculty  Lounge,  University  Union 
Kenneth  H.  Harmet,  Chairman 

Northern  Illinois  University,  DeKalb 

The  Stamen  in  Erica  and  in  the  Er¬ 
icaceae  in  General.  Barbara  F.  Palser, 
University  of  Chicago,  Chicago. 

Some  Aspects  of  Flower  Development 
in  Collinsia  heterophylla.  Gould  Fred¬ 
erick  Schrock,  University  of  Chicago, 
Chicago. 

Effect  of  Photoperiod  on  Aging  Proc¬ 
ess:  Determination  of  the  Minimum 
number  of  Days  to  Induce  Photoinduc- 
tive  Senescence.  Donald  T.  Krizek  and 
Wayne  J.  Mcllrath,  University  of  Chi¬ 
cago,  Chicago. 

Mass  Culture  of  Bryophyte  Tissue. 
Paul  D.  Voth,  M.  J.  Schneider,  and 
R.  F.  Troxler,  University  of  Chicago, 
Chicago. 

Patterns  of  Cell  Death  in  Elongating 
Corn  Stalks.  A.  J.  Pappelis  and  Judith 
Williams,  Southern  Illinois  University, 
Carbondale. 

An  Analysis  of  Growth  in  the  Re¬ 
generating  Root  Apex  of  Vicia  faba. 
John  R.  Yaeger,  University  of  Chicago, 
Chicago. 

Early  History  of  the  Botany  Section 
of  the  Illinois  State  Academy  of  Science. 
Walter  B.  Hendrickson,  MacMurray  Col¬ 
lege,  Jacksonville. 

Reactions  of  Chromogenic  Bacteria  to 
Gibberellic  Acid.  Sister  Mary  Cecilia 
Bodman.  Mundelein  College,  Chicago. 

Homocysteine  Transmethylast  from 
Jack  Bean  Meal:  Partial  Purification 
and  Characterization.  Lila  Abraham- 
son.  University  of  Chicago,  Chicago. 

The  Effects  of  Auxins  on  the  Growth 
and  Development  of  Gemmalings  of 
Marchantia  polymorpha.  Nicholas  C. 
Maravolo,  University  of  Chicago,  Chi¬ 
cago. 

Section  B 

Browsing  Room,  University  Union 
Robert  W.  Tuveson,  Presiding 
University  of  Chicago,  Chicago 

Trelease  Woods:  Woody  Vegetation 
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and  Changes  in  Stand  Composition.  Wil¬ 
liam  R.  Boggess,  University  of  Illinois, 
Urbana. 

Effects  of  Past  Agricultural  Practices 
on  the  Growth  and  Chemical  Content 
of  planted  Sycamore.  A.  R.  Gilmore, 
University  of  Illinois,  Dixon  Springs 
Experiment  Station,  Simpson,  Illinois. 

Old-Field  Succession  in  Ogle  County, 
Illinois.  Robert  A.  Bullington,  Northern 
Illinois  University,  DeKalb,  Illinois. 

Distribution  of  Digitaria  sanquinalis 
in  the  Southern  Hemisphere.  John  E. 
Ebinger,  Eastern  Illinois  University, 
Charleston. 

Further  Observations  on  Hyphal  Tips 
Isolated  from  Heterocaryons  in  Gephal- 
osporium  mycophilum.  Robert  W.  Tuve- 
son,  University  of  Chicago,  Chicago. 

Early  History  of  the  Illinois  Academy. 
Walter  B.  Hendrickson,  MacMurray  Col¬ 
lege,  Jacksonville. 

The  Synnema  as  a  Taxonomic  Cri¬ 
terion.  Everett  F.  Morris,  Western  Illi¬ 
nois  University,  Macomb. 

Plankton  Studies  of  Lake  Michigan. 
III.  Annual  and  Seasonal  Periodicity 
of  Lake  Michigan  Plankton  at  Milwau¬ 
kee,  Wisconsin.  Kenneth  E.  Damann, 
Eastern  Illinois  University,  Charleston. 

Effects  of  Plating  Densities  and  Sup¬ 
plementation  on  Random  Ascospore 
Analyses  of  Asperqillus  rugulosus.  Dar¬ 
win  O.  Coy,  University  of  Chicago,  Chi¬ 
cago. 

Chemistry 

Room  310,  Sherff  Hall 
Bruce  Campbell,  Jr.,  Chairman 
MacMurray  College,  Jacksonville 

Infrared  Absorption  Spectra  of  Beta- 
Alanine  and  Some  Transition  Metal  Com¬ 
plexes,  Sister  Mary  Mariana  Kennelly, 
B.V.M.,  Mundelein  College,  Chicago. 

The  Partial  Molal  Volume  of  Na2P03F. 
David  G.  Rands  and  James  R.  Lyerla, 
Jr.,  Southern  Illinois  University,  East 
St.  Louis. 

Activity  Coefficients  of  Aqueous  Solu¬ 
tions  of  Na2P03F.  David  G.  Rands  and 
A.  J.  Mogenis,  Southern  Illinois  Univer¬ 
sity,  East  St.  Louis. 

Reactions  of  Some  4-O-Substituted 
Hexoses  with  Amine  Salts,  Marinus  P. 
Bardolph,  Northern  Regional  Research 
Laboratory,  Peoria  and  Southern  Illinois 
University,  Edwardsville  Campus,  Alton. 

Conductivity  of  Iodine-Dimethylsulfox- 
ide  Solutions,  Thomas  Earl  Hanson  and 
Boris  Musulin,  Southern  Illinois  Uni¬ 
versity,  Carbondale  and  Theoretical 
Chemistry  Institute,  University  of  Wis¬ 
consin,  Madison,  Wisconsin. 


Quantitative  Approaches  to  Associa¬ 
tion  via  Additive  Properties,  Boris  Mus¬ 
ulin,  Theoretical  Chemistry  Institute, 
University  of  Wisconsin,  Madison,  Wis¬ 
consin. 

An  Inexpensive  High-Frequency  Titri- 
meter.  R.  E.  Van  Atta  and  S.  T.  Mayne, 
Southern  Illinois  University,  Carbondale, 
Illinois. 

Conservation 

Green  Room,  University  Union 
Donald  T.  Ries,  Chairman 

Illinois  State  University,  Normal 

Some  Views  on  Public  Holdings.  Wil¬ 
lard  D.  Klimstra,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

Wood  Duck  Houses  and  Raccoon  Pre¬ 
dation.  Randy  Eaton  and  J.  Henry 
Sather.  Western  Illinois  University,  Ma¬ 
comb. 

Geography 

Room  7,  Old  Science  Building 
Charles  Alexander,  Chairman 
University  of  Illinois,  Urbana 

“Population  Change  in  Selected  Vil¬ 
lages  of  the  Grand  Prairie.”  Neil  E. 
Salisbury,  State  University  of  Iowa,  Iowa 
City,  Iowa. 

“Social  Activities  in  Selected  Middle 
Western  Villages.”  John  Fraser  Hart, 
Indiana  University,  Bloomington,  Indi¬ 
ana. 

“The  Urbanization  of  the  Open  Coun¬ 
try;  Population  Changes  and  Converg¬ 
ence  of  Life  Styles.”  Everett  G.  Smith, 
Jr.,  University  of  Illinois,  Urbana. 

“The  Location  of  the  Man-Made  Fibers 
Industry.”  David  W.  Icenogle,  Univer¬ 
sity  of  Illinois,  Urbana. 

“The  Siltation  and  Evaporation  of 
Lake  Charleston.”  Ying  Cheng  Kiang, 
Eastern  Illinois  University,  Charleston. 

“Factors  Affecting  Land  Values  in 
Wabash  County,  Illinois.”  Nelson  R. 
Nunnally,  University  of  Illinois,  Urbana. 

Geology 

Room  204,  Shaw  Hall 
T.  K.  Searight,  Chairman 

Illinois  State  University,  Normal 

Middle,  Late,  and  Post-Pennsylvania 
Folding  of  the  LaSalle  Anticlinal  Belt 
and  Adjacent  Structures  in  East  Central 
Illinois  by  Kenneth  E.  Clegg,  Illinois 
State  Geological  Survey. 

Concerning  Cross  Sections  by  Allen 
Keller,  Western  Illinois  University,  Ur¬ 
bana. 

X-Ray  Spectrographic  Analysis  of  Two 
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Weathering  Profiles  from  East  Central 
Illinois  by  W.  Hilton  Johnson,  Univer¬ 
sity  of  Illinois,  Urbana. 

Structural  and  Textural  Character¬ 
istics  of  a  Pennsylvanian  Shale  and 
Its  Joint  Fillings  by  W.  Arthur  White, 
Illinois  State  Geological  Survey. 

Glacial  Lake  Watseka,  by  George  E. 
Ekblaw,  Illinois  State  Geological  Survey. 

The  Excavation  and  Geologic  Setting 
of  the  Perry  Mastodon  near  Glen  Ellyn, 
Illinois,  by  Douglas  Block,  Wheaton  Col¬ 
lege,  Wheaton. 

Mastodon  Tusks  from  Illinoisan  Out- 
wash  Jersey  County,  Illinois,  by  Dorothy 
Gore,  Principia  College. 

Meteorology  and  Climatology 
Room  108,  Sherff  Hall 
Dorothy  L.  Bradbury,  Chairman 
University  of  Chicago,  Chicago 

Argonne’s  Expanded  Soil  Climatology 
Program.  James  E.  Carson,  Argonne 
National  Laboratory,  Argonne. 

Climatology  of  Low  Level  Wind  Max¬ 
ima.  William  D.  Bonner,  The  University 
of  Chicago,  Chicago. 

On  the  Velocity  of  Mean  Autumn  300- 
mb  Winds  Associated  with  the  Jet 
Stream  over  North  America.  James  D. 
Lahey,  Northern  Illinois  University,  De- 
Kalb. 

Results  of  a  Detailed  Field  Investiga¬ 
tion  of  a  Central  Illinois  Hailstorm. 
Stanley  A.  Changnon,  Jr.,  and  Glenn  E. 
Stout,  Illinois  State  Water  Survey,  Ur¬ 
bana. 

On  the  Operational  Use  of  the  WSR — 
57  Radar.  George  Polensky,  Chicago 
District  Forecast  Center,  U.S.  Weather 
Bureau,  Chicago. 

Freak  Winter  Snowstorms  in  Illinois. 
Stanley  A.  Changnon,  Jr.,  Illinois  State 
Water  Survey,  Urbana. 

A  Study  of  Clouds  with  the  Use  of 
U-2  Photographs.  Dorothy  L.  Bradbury, 
The  University  of  Chicago,  Chicago. 

New  Developments  in  USAF  Electron¬ 
ic  Meteorological  Equipment.  Charles 
Hooper,  USAF,  Chanute  AFB,  Rantoul. 

Microbiology 
Room  103,  Shaw  Hall 
K.  C.  Atwood,  Chairman 
University  of  Illinois,  Urbana 

Crambe:  Susceptibility  to  Some  Plant 
Viruses.  H.  H.  Thornberry  and  Mary 
Ruth  Phillippe,  Dept,  of  Plant  Path¬ 
ology,  University  of  Illinois,  Urbana. 

Orchid  Blossom  Necrosis:  Suscepti¬ 
bility  of  Non-Orchid  Plants  to  Viruses 
Associated  with  the  Disease.  R.  B.  Owen, 


Mary  R.  Phillippe  and  H.  Thornberry, 
Dept,  of  Plant  Pathology,  University  of 
Illinois,  Urbana. 

Orchid  Blossom  Necrosis:  Detection 
of  Associated  Viral  Particles  by  Electron 
Microscopy.  Mary  R.  Phillippe,  J. 
Brandes  and  H.  H.  Thornberry,  Dept, 
of  Plant  Pathology,  University  of  Illi¬ 
nois,  Urbana. 

Physics 

Room  226,  Holmes  Hall 
Richard  F.  Watson,  Chairman 
Southern  Illinois  University,  Carbondale 

Acceleration  of  Small  Metal  Pellets 
by  Pulsed  Magnetic  Fields.  Robert  Da¬ 
vid  Joseph,  Greenville  College,  Green¬ 
ville. 

Important  Steps  in  the  Processing 
of  Thick  Emulsions.  O.  B.  Young  and 
Robert  Woll,  Southern  Illinois  Univer¬ 
sity,  Carbondale,  and  Argonne  National 
Laboratory. 

Gamma-ray  Studies  of  Radon  Daugh¬ 
ter  Activity  in  Rain  Water.  Harold 
Belt,  Southern  Illinois  University,  Car¬ 
bondale. 

Conductivity  and  Thermal  Emf  in  In¬ 
dium  Oxide.  Gerald  Swanson,  Southern 
Illinois  University,  Carbondale. 

Mahlon  Loomis,  American  Discoverer 
of  Radio  in  1866,  Report  No.  2.  0.  B. 
Young,  Southern  Illinois  University, 
Carbondale. 

Science  Teaching 
Room  205,  Shaw  Hall 
H.  O.  Jackson,  Chairman 

Illinois  State  University,  Normal 

A  Psychosocial  Look  at  the  Under¬ 
achieving  and/or  Disinterested  Student 
of  Science  and  Mathematics. 

A  Complete  Gas  Laws  Demonstration 
Apparatus.  Calvin  P.  Midgley,  Munde¬ 
lein  College. 

Experiences  with  Large  Groups  and 
Team  Teaching  in  Biology.  George  R. 
Abraham,  Lincoln-Way  Community  High 
School,  New  Lenox. 

Zoology 
Section  A 

Room  305,  Sherff  Hall 
John  D.  Anderson,  Chairman 
University  of  Illinois,  Urbana 

ATP  and  Radiation  Induced  Dominant 
Lethals.  Sidney  Mittler  and  Mary  Web¬ 
ster,  Dept,  of  Biological  Sciences,  North¬ 
ern  Illinois  University,  DeKalb,  Illinois. 

DDT  Resistance  of  Drosophila  ni€l- 
anogaster  Miegen  after  Relaxation  of 
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Selection.  Irene  Y.  L.  Wei  and  Jack 
Bennett,  Department  of  Biology,  North¬ 
ern  Illinois  University,  DeKalb,  Illinois. 

A  Study  of  Post-Embryonic  Develop¬ 
ment  in  an  Acarid  Mite  (Acarina:  Aca- 
ridiae).  Ward  L.  Miller,  Jr.  and  Charles 
J.  Rohde.  Jr.,  Dept  of  Biology,  Northern 
Illinois  University,  DeKalb,  Illinois. 

Immunological  Study  of  a  Pair  of 
Fraternal  Twin  Chickens.  Jack  Ben¬ 
nett,  Dept,  of  Biology,  Northern  Illinois 
University,  DeKalb,  Illinois. 

Distribution  of  Sulfhydryl  groups  in 
Development.  Lester  C.  Shell  and  Denzil 
J.  Hawes-Davis,  Dept,  of  Biology,  Mil- 
likin  University,  Decatur,  Illinois. 

The  Effect  of  Starvation  on  the  Coel- 
omocytes  of  the  Holothurian,  Cucumaria 
miniata.  Howard  R.  Hetzel,  Dept,  of 
Zoology,  Illinois  State  University,  Nor¬ 
mal,  Illinois. 

Cytochemical  Studies  on  Trichomonas 
ten  ax.  Wayne  W.  Wantland,  Division 
of  Science.  Illinois  Wesleyan  University, 
Bloomington,  Illinois. 

Genetic  Observations  on  a  Glaucoma- 
Like  Condition  in  the  Rabbit.  Edward 
J.  Bauer,  Jr.  and  Jack  Bennett,  Dept, 
of  Biology,  Northern  Illinois  University, 
DeKalb,  Illinois. 

Motive  Force  in  Myxomycete  Plasmo¬ 
dia.  Donald  M.  Miller,  Dept,  of  Physiol¬ 
ogy  and  Biophysics,  University  of  Illi¬ 
nois,  Urbana,  Illinois. 

Uptake  and  Distribution  of  K42  in  the 
Plasmodium  of  a  Myxomycete.  John  D. 
Anderson,  Dept,  of  Physiology  and  Bio¬ 
physics,  University  of  Illinois,  Urbana, 
Illinois. 

Section  B 

Room  311,  Sherff  Hall 
Donald  M.  Miller,  Presiding 
University  of  Illinois,  Urbana 

Incidence  of  Oral  Protozoa  in  a  Central 
Illinois  Community.  Wayne  W.  Want- 
land  and  John  Connolly,  Division  of 
Science,  Illinois  Wesleyan  University 
Bloomington,  Illinois. 

Silver  Impregnation  of  the  Enigmatic 
Holotrich  Ciliate  GyathocLinium  piri- 
forme.  Jerome  J.  Paulin,  Dept,  of  Zool¬ 
ogy,  University  of  Illinois,  Urbana,  Il¬ 
linois. 

Male  Genitalia  in  the  Genus  Sphec- 
omyia  (Diptera;  Fam.  Syrphidae).  Ken¬ 
neth  Weisman  and  Y.  Sedman,  Dept,  of 
Biology,  Western  Illinois  University, 
Macomb,  Illinois. 

Preliminary  Observations  of  the  Be¬ 
havior  of  the  Isopod,  Asellus  militaris. 
Howard  R.  Hetzel,  Dept,  of  Zoology,  Il¬ 
linois  State  University,  Normal,  Illinois. 


Studies  in  Chicken  Behavior.  Karen 
L.  Hagen  and  Jack  Bennett,  Dept,  of 
Biology,  Northern  Illinois  University, 
DeKalb,  Illinois. 

Serial  Sections  from  Plastic-Embedded 
Specimens.  Charles  J.  Rohde,  Jr.,  Dept, 
of  Biological  Sciences,  Northern  Illinois 
University,  DeKalb,  Illinois. 

Progress  Report:  An  Ecological  Study 
of  an  Illinois  River  Heronry.  Richard 
G.  Bjorklund,  Dept,  of  Biology,  Bradley 
University,  Peoria,  Illinois. 

The  Microcommunity  of  Aci'obasis  ru- 
l?-ifasciella  Pack,  on  Alnus  at  Ely,  Min¬ 
nesota.  Walter  V.  Balduf,  Dept,  of  En¬ 
tomology,  University  of  Illinois,  Urbana, 
Illinois. 

The  Distribution  of  the  Flies  of  the 
Genus  Chrysogaster  (Diptera;  Fam. 
Syrphidae).  Yale  S.  Sedman,  Dept,  of 
Biology,  Western  Illinois  University, 
Macomb,  Illniois. 

Competition  Between  Various  Attached 
X  Stocks  in  Laboratory  Population 
Cages.  Marion  S.  Baran  and  Sidney 
Mittler,  Dept,  of  Biological  Sciences, 
Northern  Illinois  University,  DeKalb, 
Illinois. 

A  Linkage  Relationship  in  Drosophila 
immigrans  Sturtevant.  Jack  C.  Saichek 
and  Jack  Bennett,  Roosevelt  Jr.  High, 
Rockford,  Illinois  and  Dept,  of  Biology, 
Northern  Illinois  University,  DeKalb, 
Illinois. 


THE  ANNUAL  BUSINESS  MEETING 

The  Business  Meeting  was  called  to 
order  at  5:00  P.M.,  April  24,  1964,  in 
the  new  Science  Building,  Illinois  Wes¬ 
leyan  University,  Bloomington,  Illinois 
by  President  Elnore  Stoldt.  About  60 
members  were  in  attendance. 

Reports  of  Officers. — Secretary  Pal- 
oumpis  reported  items  which  are  re¬ 
corded  in  the  foregoing  reports  of  the 
Council  meetings.  Treasurer  Klimstra’s 
report  is  published  herewith.  This  re¬ 
port  was  accepted  by  passage  of  a  mo¬ 
tion  by  Dr.  Klimstra  and  seconded  by 
Dr.  Kaplan. 

Reports  of  Standing  Committees. — Dr. 
Ekblaw,  Chairman  of  the  Affiliations 
Committee,  reported  on  the  proposed 
institutional  membership  in  the  Illinois 
Society  for  Medical  Research.  It  was 
the  opinion  of  the  committee  that  we 
should  lend  support  to  the  organization, 
but  should  not  enter  into  an  affiliation 
with  the  organization.  The  Secretary 
was  instructed  to  write  the  Secretary 
of  the  Illinois  Society  for  Medical  Re¬ 
search  and  inform  them  of  this  action. 
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Dr.  Miller,  Chairman  of  the  Research 
Grants  Committee  recommended  that  the 
following  grants  be  awarded: 

Dr.  Roger  Ulrich— $300.00.  Illinois 
Wesleyan  University,  Conditioning 
Chamber  for  study  of  subcortical 
stimulation  in  psychology  depart¬ 
mental  research. 

Mr.  William  H.  Hill— $150.00.  Illinois 
State  University.  Cost  of  field  trip 
to  collect  Texas  Pleistocene  snakes. 
Dr.  J.  Alan  Holman,  Sponsor. 

Dr.  Dale  E.  Birkenholz — $114.00.  Illi¬ 
nois  State  University.  Study  of 
harvest  mouse  in  Central  Illinois. 
Dr.  John  J.  Spokas — $200.00.  St.  Pro¬ 
copius  College.  To  purchase  two 
solid  state  surface  barrier  detectors 
to  be  used  in  student  research. 

Dr.  Howard  R.  Hetzel — $100.00.  Illi¬ 
nois  State  University.  Support  of 
continuing  study  of  holothurian  co- 
elomocytes. 

A  motion  for  the  approval  of  these 
grants  was  made  by  Dr.  Ekblaw,  sec¬ 
onded  by  Dr.  Evers,  and  passed. 

Reports  of  Special  Committees. — The 
Resolutions  Committee  (Dr.  C.  L.  Kan- 
atzar,  Chairman)  submitted  the  follow¬ 
ing  resolutions;  all  were  approved  by 
the  Academy: 

1.  APPRECIATION  TO  THE  HOST— 
Whereas  many  members  of  the  Ad¬ 
ministration,  Faculty  and  Staff  of 
Illinois  Wesleyan  University  have  been 
responsible  for  the  arrangements  es¬ 
sential  to  the  Fifty-seventh  Annual 
Meeting  of  the  Illinois  State  Academy 
of  Science,  Be  it  resolved  that  the 
Academy  express  its  gratitude  to  all 
who  have  participated  in  any  way  in 
arranging  this  Annual  Meeting  and 
especially  to 

Dr.  Lloyd  M.  Bertholf,  President  of 
the  University 

Dr.  Joseph  C.  Collins,  Second  Vice- 
President  of  the  Academy,  in  charge 
of  local  arrangements,  and 
Dr.  Wayne  W.  Wantland,  Chairman 
of  the  Division  of  Natural  Sciences 
of  the  University 

Be  it  further  resolved  that  the  Secre¬ 
tary  be  directed  to  send  copies  of  this 
resolution  to  those  specifically  named. 

2.  APPRECIATION  OF  SERVICE  — 
Whereas  responsibility  has  been  ac¬ 
cepted  by  Dr.  J.  Louis  Martens,  De¬ 
partment  of  Biological  Sciences,  Illi¬ 
nois  State  University,  for  arranging 
the  Botany  Field  Trip,  and  by  Dr. 
Thomas  Searight,  Department  of  Ge¬ 
ology,  Illinois  State  University,  for 
arranging  the  Geology  Field  Trip, 


which  constitute  a  significant  portion 
of  the  program  for  the  Fifty-seventh 
Annual  Meeting  of  the  Academy,  Be 
it  resolved  that  the  Academy  express 
its  thanks  to  Drs.  Martens  and  Sea- 
right  for  organizing  and  conducting 
these  field  trips,  Be  it  further  resolved 
that  the  Secretary  be  directed  to  send 
copies  of  this  resolution  to  them. 

3.  ILLINOIS  NATURE  PRESERVE 
COMMISSION  —  Whereas  Governor 
Otto  Kerner  has  signed  H.B.  1538 
which  permits  the  acquisition,  control, 
maintenance,  improvement  and  pro¬ 
tection  of  State  parks  and  nature 
preserves,  and  Whereas  he  has  signed 
H.B.  1539  establishing  the  Illinois 
Nature  Preserves  Commission  which 
formulates  policies  providing  for  con¬ 
tinued  preservation  of  such  areas 
without  unreasonable  impairment, 
thereby  providing  optimal  habitats  for 
plant  and  animal  species  as  well  as 
benefits  of  an  enduring  resource  of 
natural  land,  Be  it  resolved  that  the 
Illinois  State  Academy  of  Science  ex¬ 
press  its  appreciation  to  the  Governor 
for  his  interest  and  leadership  in  the 
establishment  and  implementation  of 
these  bills,  and  Be  it  further  resolved 
that  the  Secretary  of  the  Academy 
be  directed  to  send  copies  of  this 
resolution  to  the  Governor  and  to  the 
Director  of  the  Department  of  Con¬ 
servation. 

4.  RADIO  DISCOVERY  COMMITTEE— 
Whereas  October  1966  will  mark  the 
100th  Anniversary  of  the  experimen¬ 
tation  by  Mahlon  Loomis  dealing  with 
the  transmission  of  intelligible  signals 
through  space,  and  Whereas  it  is  pos¬ 
sible  that  this  may  represent  the 
earliest  work  of  its  kind  leading  to 
the  discovery  of  the  principle  of  radio, 
and  Whereas  the  Radio  Discovery 
Committee  appointed  by  the  Illinois 
State  Academy  of  Science  has  under¬ 
taken  considerable  research  upon  this 
subject  to  attempt  to  determine  the 
founder  of  the  principle  of  radio,  Be 
it  resolved  that  the  Academy  strongly 
urge  that  further  serious  investigation 
be  conducted  in  the  history  of  the 
discovery  of  radio  in  order  that  any 
confusion  as  to  the  founder  of  the 
principle  of  radio  may  be  clarified 
and  appropriate  credit  bestowed  in 
the  literature  dealing  with  the  sub¬ 
ject. 

5.  MINIMUM  STANDARDS  OF  PREP¬ 
ARATION  FOR  TEACHERS  OF 
CHEMISTRY,  PHYSICS.  AND  PHYS- 
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ICAL  SCIENCE  —  Whereas  rapid 
changes  have  occurred  in  Chemistry 
and  Physics,  which  have  brought  about 
the  great  necessity  for  more  study 
of  content  material  in  these  sciences, 
Be  it  resolved  that  the  following  re¬ 
visions  be  made  in  the  Minimum 
Standards  of  Teacher  Preparation, 
prepared  by  the  Supervisory  and  Cer¬ 
tification  Departments,  Office  of  the 
Superintendent  of  Public  Instruction, 
State  of  Illinois: 

Recommended  Minimum  Preparation 
for  the  Teacher  of  Chemistry,  Physics, 
and  Physical  Science  in  Recognized 
Illinois  High  Schools. 

Chemistry,  twenty-four  (24)  semester 
hours 

The  minimum  preparation  for  teach¬ 
ing  chemistry  must  include  at  least: 

1.  Sixteen  (16)  semester  hours  of 
chemistry  with  a  minimum  of  eight 
(8)  hours  of  course  work  with 
laboratory. 

2.  Eight  (8)  semester  hours  of  physics 
with  laboratory. 

It  is  recommended  that  a  teacher  of 
chemistry  have  minimum  preparation 
as  a  teacher  of  mathematics. 

Physics,  twenty-four  (24)  semester 
hours 

The  minimum  preparation  for  teach¬ 
ing  physics  must  include  at  least: 

1.  Sixteen  (16)  semester  hours  of 
physics  with  a  minimum  of  eight 
(8) hours  of  course  work  with  lab¬ 
oratory. 

2.  Physics  courses  taken  beyond  the 
first  year  must  have  calculus  as  a 
prerequisite  or  it  may  be  taken 
concurrently. 

3.  Eight  (8)  semester  hours  of  chem¬ 
istry  with  laboratory.  It  is  recom¬ 
mended  that  a  teacher  of  physics 
have  minimum  preparation  as  a 
teacher  of  mathematics. 

Physical  Science,  twenty-four  (24) 
semester  hours  in  the  field  with  the 
following  minimum  preparation  in 
each  subject  area  taught: 

A.  Introductory  Physical  Science,  six¬ 
teen  (16)  semester  hours.  The 
minimum  preparation  for  the  teach¬ 
ing  of  introductory  physical  science 
must  include  at  least: 

1.  Not  less  than  eight  (8)  semes¬ 
ter  hours  of  work  in  chemistry 
with  laboratory. 

2.  Not  less  than  eight  (8)  semester 
hours  of  work  in  physics  with 
laboratory. 


3.  The  remaining  eight  (8)  semes¬ 
ter  hours  may  be  chosen  from 
the  subject  areas  of  Chemistry, 
Physics,  Astronomy,  Meteorology, 
Physiography  and  Geology. 

B.  Advanced  Physical  Science,  twen¬ 
ty-four  (24)  semester  hours.  The 
minimum  preparation  for  the  teach¬ 
ing  of  advanced  physical  science 
must  include  at  least: 

1.  Not  less  than  twelve  (12)  semes¬ 
ter  hours  of  work  in  chemistry 
with  laboratory. 

2.  Not  less  than  twelve  (12)  semes¬ 
ter  hours  of  work  in  physics  with 
laboratory. 

3.  It  is  recommended  that  additional 
hours  be  chosen  from  astronomy 
and  geology. 

C.  Astronomy,  five  (5)  semester  hours. 
The  remaining  nineteen  (19)  sem¬ 
ester  hours  must  be  in  chemistry, 
physics,  meteorology  and  geology. 

D.  Physiography,  five  (5)  semester 
hours. 

The  remaining  nineteen  (19)  sem¬ 
ester  hours  must  be  in  chemistry, 
physics,  meteorology  and  geology. 

E.  Geology,  eight  (8)  semester  hours. 
The  remaining  sixteen  (16)  sem¬ 
ester  hours  must  be  in  chemistry, 
physics,  astronomy,  meteorology 
and  physiography. 

Be  it  further  resolved  that  the  Sec¬ 
retary  of  the  Academy  be  directed  to 
send  a  copy  of  this  resolution  to  Mr. 
Ray  Page,  Superintendent  of  Public  In¬ 
struction  of  the  State  of  Illinois.  Be  it 
further  resolved  that  the  Illinois  State 
Academy  of  Science  strongly  urge  a 
meeting  of  the  Superintendent  of  Pub¬ 
lic  Instruction  of  the  State  of  Illinois 
with  the  various  professional  organiza¬ 
tions  for  teachers  in  these  fields  where¬ 
by  the  recommendations  stated  above 
may  be  considered  for  action;  and  Be 
it  again  further  resolved  that  the  Sec¬ 
retary  of  the  Academy  be  directed  to 
send  a  copy  of  this  resolution  to  Mr. 
Ray  Page,  Superintendent  of  Public  In¬ 
struction. 

6.  Necrology — Whereas  during  the  past 
year  the  Academy  has  lost  by  death  one 
member,  Dr.  Charles  A.  Shull,  Ashe¬ 
ville,  North  Carolina,  Be  it  resolved 
that  the  Academy  give  expression  to 
its  sorrow  for  his  death  by  rising  for 
a  moment  of  silence. 

Old  Business — The  Secretary  read  the 
following  recommended  changes  in  the 
Constitution : 
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Article  III — Membership  and  Dues 
Section  3:  Should  be  changed  to: 
Any  college  or  high  school  student 
who  is  certified  by  an  advisor  or 
instructor  may  become  a  Student 
Member  with  all  rights  and  priv¬ 
ileges  of  membership  except  that  of 
voting  and  holding  office.  The  stu¬ 
dent  membership  shall  apply  to 
graduate  students  until  the  termina¬ 
tion  of  their  student  status  but  shall 
not  extend  beyond  five  years  after 
the  completion  of  the  bachelor’s  de¬ 
gree. 

Article  III — Membership  and  Dues 
Section  4 — (New  Section)  Emeritus 
membership  is  open  to  those  per¬ 
sons  who  are  retired  from  their 
professional  duties,  on  permanent 


sick  leave,  or  other  such  unavoid¬ 
able  types  of  discontinuance  of  their 
profession.  The  persons  should  have 
been  members  of  the  Academy  for 
at  least  ten  (10)  years  before  con¬ 
sideration  for  the  eligibility  of  their 
emeritus  status.  The  annual  dues 
for  emeritus  membership  shall  be 
$1.00. 

New  Business. — The  Secretary  read 
the  following  recommended  change  in 
the  By-Laws: 

Article  II — Committees  and  Delegates 
Section  1 — Teacher  Training  Com¬ 
mittee  be  changed  to  the  Committee 
for  Science  Teaching. 

Andreas  A.  Paloumpis, 
Secretary 
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TREASURER’S  REPORT— 
JANUARY  1,  1963— DECEMBER  31,  1963 


BALANCE  CARRIED  FORWARD,  January  1,  1962 . $10,237.15 

TOTAL  RECEIPTS 
Dues 

Regular . $  2,736.41 

Life .  100.00 

Sustaining  &  Patron .  5,140.00 

Registration .  103.50 

A.A.A.S.  Research  Grants .  864.00 

Interest,  LhS.  Bonds .  106.90 

Interest,  Savings  &  Loan .  270.00 

Sale  of  publications .  103.52 

Jr.  Academy  School  Registration .  2,058.22 


$11,482.55 


$21,719.70 


TOTAL  EXPENDITURES 
Regular  Academy 

Council . $ 

Secretary’s  Office . 

Treasurer’s  Office . 

Editor’s  Office . 

Librarian . 

A.A.A.S.  Research  Grants . 


H  onoraria . 

Membership  Committee . 

Miscellaneous . 

It*  A  oonPTTi v 

General  (1962-1963) . $  4,822.59 

S.T.S.  (1962-1963) .  275.63 


189 . 49 
790.17 
661.36 
471.75 
804 . 96 
864.00 
350 . 00 
30.00 
30.40 


5,098.22 


9,290.35 


TOTAL. 


9,290.35 


Junior  Academy  of  Science 
State  Chairman’s  Office 

Sten  o  gr  aph  ic . $  826.00 

Travel .  433.97 

Hire  of  Sub.  Teacher .  262.69 

Postage .  400.00 

Telephone  &  Telegraph .  121.40 

Stationery  &  Mat .  390.76 

State  Chairm  an  Elect .  100.00 

State  Paper  Sessions .  200 . 00 

State  Judging  Expenses .  18.33 

Speaker .  199.75 


2,952.90 
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Publications  and  Printing 

1963  Yearbook . $  107.53 

Handbook .  163.50 

N  ewslett  ers .  52.00 

Pamphlets .  105.00 

Photography .  49.52 

Award  Certificates .  46.45 

$  524 . 00 

TOTAL . $12,767.25 

Outstanding  Checks  in  1962  cashed  in  1963 . $  33.00 

Outstanding  Checks  for  1963 . — 3,788.78 

TOTAL  ACTUAL  EXPENDITURES . $  9,011.47 

Cash  in  Carbondale  National  Bank,  December  31,  1963 . $12,708.23 

OTHER  ASSETS 

Permanent  Fund  (U.S.  Bonds) . $  1,700.00 

$  1,700.00 

Reserve  Funds 

U.S.  Bonds . $  1,800.00 

State  Savings  &  Loan .  6,000.00 

$  7,800.00 

Frank  Reed  Memorial  Fund 

Balance  Carried  Forward  Jan.  1,  1962 . $  1,178.09 

Interest .  47.59 

$  1,225.68 

TOTAL  OTHER  ASSETS . $10,725.68 

Total  Assets  of  Academy,  December  31,  1963 

Cash  in  Carbondale  National  Bank . $12,708.23 

Total  Other  Assets .  10,725.68 

$23,433.91 

Cash  in  Carbondale  National  Bank,  December  31,  1963 . $12,708.23 

Outstanding  Checks . $  3,788.78 

Permanent  Fund — Cash .  350 . 00 

$  4,138.78 

Total  Uncommitted  Cash,  Dec.  31,  1963 . $  8,569.45 

W.  D.  Klimstra,  Treasurer 

Submitted  and  approved  on  April  24,  1964 
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OFFICERS  AND  STANDING  COMMITTEE  NOMINEES 

FOR  1964-65 


President:  Howard  W.  Gould,  Northern 
Illinois  University,  DeKalb. 

First  Vice  President:  G.  R.  Yohe,  Illi¬ 
nois  State  Geological  Survey,  Urbana. 
Second  Vice  President:  Allen  D.  Wea¬ 
ver,  Northern  Illinois  University,  De- 
Kalb. 

Secretary:  Andreas  A.  Paloumpis,  Illi¬ 
nois  State  University,  Normal. 
Treasurer:  William  C.  Ashby,  Southern 
Illinois  University,  Carbondale. 
Librarian:  Milton  D.  Thompson,  Illinois 
State  Museum,  Springfield. 

General  Chairman,  Junior  Academy: 
Maurice  G.  Kellogg,  Western  Illinois 
University,  Macomb. 

THE  COUNCIL 

Immediate  Past  President:  Elnore 
Stoldt,  Jacksonville  High  School,  Jack¬ 
sonville. 

Elected  Councilors:  Lyle  E.  Bamber  (to 
1965),  University  of  Illinois,  Urbana. 
Norman  D.  Levine  (to  1966),  Univer¬ 
sity  of  Illinois,  Urbana. 

Robert  C.  Wallace  (to  1967),  Reavis 
High  School,  Oak  Lawn. 

Walter  B.  Welch  (to  1968),  Southern 
Illinois  University,  Carbondale. 

OTHER  OFFICERS 

Chairman  Elect,  Junior  Academy:  Wil¬ 
lard  Gershbacher,  Southern  Illinois 
University,  Carbondale. 

Editor:  Edwin  C.  Galbreath,  Southern 
Illinois  University,  Carbondale. 
Publicity  Advisor:  Arthur  R.  Wild- 
hagen,  University  of  Illinois,  Urbana. 
Delegate  to  the  AAAS:  Norman  Levine, 
University  of  Illinois,  Urbana. 
Delegate  to  the  AAAS  Conference:  Joan 
Hunter,  West  Sr.  High  School,  Aurora. 
Historian:  Walter  B.  Hendrickson,  Mac- 
Murray  College,  Jacksonville. 

STANDING  COMMITTEES 

Affiliations  Committee:  George  E.  Ek- 
blaw,  Chairman,  State  Geological 
Survey,  Urbana. 

Thorne  Deuel,  Illinois  State  Musuem, 
Springfield. 

Elbert  H.  Hadley,  Southern  Illinois 
University,  Carbondale. 

Animal  Experimentation  in  Research: 
Harold  M.  Kaplan,  Chairman,  South¬ 
ern  Illinois  University,  Carbondale. 


N.  R.  Brewer,  University  of  Chicago, 
Chicago. 

William  P.  Cote,  Brewer  High  School, 
Midlothian. 

Sholom  Perlman,  D.D.S.,  M.S.,  911 
Vernon  Ave.,  Glencoe,  Illinois. 

F.  R.  Steggarda,  University  of  Illinois, 
Urbana. 

Archaeological  and  Historical  Sites: 
Joseph  R.  Caldwell,  Chairman,  Illi¬ 
nois  State  Museum,  Springfield. 

Cecilia  Peikert  Bunney,  Illinois  State 
University,  Normal. 

Eugene  S.  Clark,  State  Department  of 
Public  Health,  Springfield. 

Capt.  Leo  Dolkart,  22  E.  Chestnut 
Street,  Chicago,  Illinois. 

William  Farley,  Box  433,  Harrisburg. 

Mary  Grant,  805  Randolph,  Oak  Park. 

Robert  L.  Hall,  Illinois  State  Museum, 
Springfield. 

B.  G.  Johnson,  1512  Quinton  Road  S.E., 
Rockford. 

John  Mark  McCleary,  2  Proviso  West 
High  School,  Hillside. 

James  H.  Sedgwick,  5922  N.  Prospect 
Road,  Peoria. 

Daniel  A.  Throop,  Call  Printing  Co., 
Third  &  Broadway,  East  St.  Louis 

Budget  Committee:  Stanley  E.  Harris, 
Chairman,  Southern  Illinois  Univer¬ 
sity,  Carbondale. 

Walter  A.  Brown,  Illinois  State  Uni¬ 
versity,  Normal. 

Charles  K.  Hunt,  Box  98,  Hinsdale. 

Carl  Weatherbee,  Millikin  University, 
Decatur. 

Conservation  Committee:  S.  Glidden 
Baldwin,  M.D.,  Chairman,  139  N. 
Vermillion  St.,  Danville,  Illinois. 

Louise  H.  Carlin,  2623  18th  St.,  Rock¬ 
ford,  Illinois. 

Joe  R.  Duffey,  Rosiclare,  Illinois. 

D.  H.  Ferris,  University  of  Illinois, 
Urbana. 

A.  C.  Foley,  Box  336,  Paris,  Illinois. 

M.  H.  Francis,  R.D.  # 2,  Manhattan, 
Illinois. 

John  C.  Frye,  State  Geological  Survey, 
Urbana. 

Lawrence  L.  Hirsch,  M.D.,  3166  Lin¬ 
coln  Ave.,  Chicago,  Illinois. 

Loring  B.  Jones,  513  Normal  Road, 
DeKalb. 

Paul  D.  Kilburn,  Principia  College, 
Elsah,  Illinois. 

Ruben  L.  Parson,  Northern  Illinois 
University,  DeKalb. 

Herbert  H.  Rose,  State  Natural  His¬ 
tory  Survey,  Urbana. 
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Henry  Sather,  Western  Illinois  Uni¬ 
versity,  Macomb. 

Hurst  H.  Shoemaker,  Wright  &  Yealey 
Sts.,  Champaign. 

Loren  Mentzer,  Illinois  State  Univer¬ 
sity,  Normal. 

Legislation  and  Finance  Committee: 
Wayne  W.  Wantland,  Chairman,  Il¬ 
linois  Wesleyan  University,  Bloom¬ 
ington. 

John  C.  Frye,  State  Geological  Survey, 
Urbana. 

W.  W.  Grimm,  Bradley  University,  Pe¬ 
oria. 

Glenn  H.  Stout,  State  Water  Survey, 
Urbana. 

Loren  P.  Woods,  Chicago  Museum  of 
Natural  History. 

Local  Conventions:  Joseph  C.  Collins, 
Chairman,  Illinois  Wesleyan  Uni¬ 
versity. 

Robert  J.  Smith  (to  1965),  Eastern 
Illinois  University,  Charleston. 

Frank  O.  Green  (to  1966),  Wheaton 
College,  Wheaton. 

Elbert  H.  Hadley,  Southern  Illinois 
University,  Carbondale  (to  1967). 

A.  A.  Paloumpis,  ex  officio,  Illinois 
State  University,  Normal. 

Membership:  Max  R.  Matteson,  Chair¬ 
man,  University  of  Illinois,  Urbana. 

J.  Bennett,  Northern  Illinois  Univer¬ 
sity,  DeKalb. 

Dorothy  L.  Bradbury,  5522  S.  Cornell, 
Chicago. 

Wesley  Calef,  University  of  Chicago, 
Chicago. 

John  C.  Downey,  Southern  Illinois 
University,  Carbondale. 

D.  Franzen,  Illinois  Wesleyan  Univer¬ 
sity,  Bloomington. 

Esther  Griffith,  Illinois  State  Univer¬ 
sity,  Normal. 

John  A.  Harrison,  State  Gelogical  Sur¬ 
vey,  Urbana. 

Sister  Mary  Marina,  BVM,  Mundelein 
College,  Chicago. 

Russell  L.  Mixter,  Wheaton  College, 
Wheaton. 

I.  Edgar  Odom,  State  Geological  Sur¬ 
vey,  Urbana. 

Herbert  Priestly,  Knox  College,  Gales¬ 
burg. 

Walter  E.  Parham,  State  Geological 
Survey,  Urbana. 

Charles  D.  Proctor,  Loyola  University, 
Chicago. 

Yale  S.  Sedman,  Western  Illinois  Uni¬ 
versity,  Macomb. 

Ben  T.  Shawver,  Monmouth  College, 
Monmouth. 


A.  F.  Silkett,  University  of  Illinois, 
Navy  Pier,  Chicago. 

Research  Grants  Committee:  Ralph  J. 
Miller,  Chairman,  Greenville  College, 
Greenville,  Illinois. 

Eleanor  Dilks,  Illinois  State  Univer¬ 
sity,  Normal. 

Howard  R.  Hetzel,  Illinois  State  Uni¬ 
versity,  Normal. 

A.  J.  Pappelis,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

David  G.  Randa,  Southern  Illinois 
University,  Edwardsville  Campus. 

Charles  J.  Rohde,  Jr.,  Northern  Illi¬ 
nois  University,  DeKalb,  Illinois. 

Fr.  William  J.  Shonka,  St.  Procopius 
College,  Lisle. 

Elnore  Stoldt,  Jacksonville  High 
School,  Jacksonville. 

H.  F.  Thut,  Eastern  Illinois  Univer¬ 
sity,  Charleston. 

K.  A.  Van  Lente,  Southern  Illinois 
University,  Carbondale. 

Sustaining  Membership:  George  R.  Ab¬ 
raham,  Chairman,  Lincoln -Way 
Community  High  School,  New  Len¬ 
ox. 

Robert  A.  Evers,  State  National  His¬ 
tory  Survey,  Urbana. 

Wilbur  W.  Grimm,  Bradley  Univer¬ 
sity,  Peoria. 

Milton  D.  Thompson,  Illinois  State 
Museum,  Springfield. 

Walter  B.  Welch,  Southern  Illinois 
University,  Carbondale. 

Science  Teaching  Committee:  R.  Maur¬ 
ice  Myers,  Chairman,  Western  Illi¬ 
nois  University,  Macomb. 

Lester  C.  Shell,  Millikin  University, 
Decatur. 

Sister  Mary  Marina,  Mundelein  Col¬ 
lege,  North  Chicago. 

John  R.  Samlin,  LaSalle-Peru  Junior 
College,  LaSalle. 

Herbert  F.  Lamp,  Chicago  Teacher’s 
College,  Chicago. 

Robert  C.  Waddell,  Eastern  Illinois 
University,  Charleston. 

Harry  Jackson,  Illinois  State  Univer¬ 
sity,  Normal. 

Science  Talent:  G.  J.  Froehlicli,  Chair¬ 
man,  University  of  Illinois,  Urbana. 

Hal  F.  Fruth,  5032  W.  Morse,  Skokie. 

Leland  Harris,  Knox  College,  Gales¬ 
burg. 

Charles  K.  Hunt,  Box  98,  Hinsdale. 

Herbert  Priestly,  Knox  College,  Gales¬ 
burg. 

Donald  P.  Rogers,  University  of  Illi¬ 
nois,  Urbana. 

John  D.  Roslansky,  University  of  Il¬ 
linois,  Urbana. 
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SPECIAL  COMMITTEES 

Audit:  William  A.  Lewis,  Chairman, 
Southern  Illinois  University,  Car- 
bondale. 

Boris  Muslin,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

Educational  Films  Evaluations:  Her¬ 
man  Eifert,  Chairman,  Illinois  State 
Museum,  Springfield. 

Joseph  Caldwell,  Illinois  State  Mu¬ 
seum,  Springfield. 

Melvin  O.  Foreman,  Eastern  Illinois 
University,  Charleston. 

Matthew  Prastein,  Illinois  Wesleyan 
University,  Bloomington. 

James  B.  Sanders,  Chicago  Teachers 
College,  Chicago. 

Walter  M.  Scruggs,  Eastern  Illinois 
University,  Charleston. 

William  Schwab,  Office  of  Public  In¬ 
struction,  Springfield. 

Junior  Academy  Re-evaluation: 

Representing  the  Academy — Robert  A. 
Evers,  Chairman,  State  Natural  His¬ 
tory  Survey,  Urbana. 

Elaine  A.  Bluhm,  University  of  Illi¬ 
nois,  Urbana. 

John  C.  Frye,  State  Geological  Sur¬ 
vey,  Urbana. 

C.  Leplie  Kanatzar,  MacMurray  Col¬ 
lege,  Jacksonville. 

Norman  D.  Levine,  University  of  Illi¬ 
nois,  Urbana. 

Representing  the  Junior  Academy — 
William  A.  Hill,  Naperville  Com¬ 
munity  High  School,  Naperville. 

Donald  G.  Hopkins,  Joliet  Township 
High  School,  Joliet. 

Sister  Mary  Ivo,  B.Y.M.,  Immaculata 
High  School,  Chicago. 

Maurice  G.  Kellogg,  Western  Illinois 
University,  Macomb. 

Seichi  Konzo,  University  of  Illinois, 
Urbana. 

Paul  M.  Wright,  Wheaton  College, 
Wheaton. 

Nominations:  Kenneth  Harmet,  Chair¬ 
man,  Northern  Illinois  University, 
DeKalb. 

W.  C.  Ashby,  Southern  Illinois  Univer¬ 
sity,  Carbondale. 

F.  J.  Kruidenier,  University  of  Illi¬ 
nois,  Urbana. 

R.  Maurice  Myers,  Western  Illinois 
University,  Macomb. 


Planning:  Robert  A.  Evers,  Chairman, 
State  Natural  History  Survey,  Ur¬ 
bana. 

Kenneth  E.  Damann,  Eastern  Illinois 
University,  Charleston. 

E.  C.  Galbreath,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

John  A.  Harrison,  State  Geological 
Survey,  Urbana. 

Joan  Hunter,  West  Senior  High 
School,  Aurora. 

Norman  D.  Levine,  University  of  Illi¬ 
nois,  Urbana. 

Ralph  Miller,  Greenville  College, 
Greenville. 

Kenneth  A.  VanLente,  Southern  Illi¬ 
nois  University,  Carbondale. 

Carl  Weatherbee,  Millikin  University, 
Decatur. 

Resolutions:  C.  Leplie  Kanatzar,  Chair¬ 
man,  MacMurray  College,  Jackson¬ 
ville. 

G.  H.  Boewe,  State  Natural  History 
Survey,  Urbana. 

Harold  M.  Kaplan,  Southern  Illinois 
University,  Carbondale. 

Walter  Scruggs,  Eastern  Illinois  Uni¬ 
versity,  Charleston. 

SECTION  CHAIRMEN 

Anthropology:  Dr.  Robert  Hall,  Illinois 
State  Museum,  Springfield. 

Aquatic  Biology:  Dr.  Robert  C.  Hilti- 
bran,  Illinois  Natural  History  Sur¬ 
vey,  Urbana. 

Botany:  Dr.  Everett  F.  Morris,  West¬ 
ern  Illinois  University,  Macomb. 

Chemistry:  Dr.  Carl  Weatherbee,  Milli¬ 
kin  University,  Decatur. 

Conservation:  Dr.  Donald  T.  Ries,  Illi¬ 
nois  State  University,  Normal. 

Geography:  Dr.  Reuben  Parsons,  North¬ 
ern  Illinois  University,  DeKalb. 

Geology:  Dr.  Loren  T.  Caldwell,  North¬ 
ern  Illinois  University,  DeKalb. 

Meteorology  and  climatology:  Mr.  Sam¬ 
uel  Bromberg,  U.S.  Weather  Bureau, 
Chicago. 

Microbiology:  Dr.  K.  C.  Atwood,  Univer¬ 
sity  of  Illinois,  Urbana. 

Physics:  Dr.  Robert  C.  Waddell,  East¬ 
ern  Illinois  University,  Charleston. 

Science  teaching:  Sister  M.  Vincent, 
O.S.F.,  College  of  St.  Francis,  Joliet. 

Zoology:  Dr.  Clinton  O.  Mack,  Wheaton 
College,  Wheaton. 


PEEPAEATION  OF  MANUS  CEIPTS  FOE 
THE  TEANSACTIONS 


For  publication  in  the  Transactions,  articles  must  present  significant 
material  that  has  not  been  published  elsewhere.  Review  articles  are  ex¬ 
cepted  from  this  provision,  as  are  brief  quotations  necessary  to  consider 
new  material  or  varying  concepts.  All  manuscripts  must  be  typewritten, 
double  spaced,  with  at  least  one-inch  margins.  The  original  copy  and  one 
carbon  copy  should  be  submitted. 

Titles  should  be  brief  and  informative.  The  address  or  institutional 
connection  of  the  author  appears  just  below  the  author’s  name.  An  abstract 
must  accompany  each  article.  Subtitles  or  center  headings  should  be  used; 
ordinarily  one  uses  subtitles  such  as  Materials,  Methods,  Results,  Discus¬ 
sion,  Summary,  Acknowledgments,  and  Literature  Cited. 

No  footnotes  are  to  be  used  in  the  text. 

The  section  entitled  Literature  Cited  must  include  all  references  men¬ 
tioned  in  text.  It  is  not  to  include  any  other  titles.  No  references  to  the 
literature  are  to  be  placed  in  footnotes.  Citations  under  Literature  Cited 
are  as  shown  below: 

Doe,  J.  H.  1951.  The  life  cycle  of  a  land  snail.  Conchol.  26(3): 
21-32,  2  tables,  3  figs. 

Doe,  J.  H.  1951.  Mineralogy  of  Lower  Tertiary  deposits.  McGraw- 
Hill  Book  Co.,  New  York,  iv  -f-  396  pp. 

Quoted  passages,  titles,  and  citations  must  be  checked  and  rechecked 
for  accuracy.  Citations  to  particular  pages  in  text  are  Doe  (1908,  p.  21) 
or  (Doe,  1908,  p.  21) ;  general  citation  in  text  is  Doe  (1908)  or  (Doe,  1908). 
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THE  BIRD  SPRING  GROUP,  CHESTERIAN  THROUGH 
WOLFCAMPIAN,  AT  ARROW  CANYON,  ARROW 
CANYON  RANGE,  CLARK  COUNTY,  NEVADA 

V.  A.  M.  LANGENHEIM  AND  R.  L.  LANGENHEIM,  JR. 

W  W.  Vermont,  Urbana,  and  University  of  Illinois,  Urbana 


Abstract.  —  Approximately  3500  feet 
of  Chesterian  through  Wolfcampian  rock 
exposed  in  Arrow  Canyon  are  assigned 
to  the  Bird  Spring  Group.  At  this  lo¬ 
cality  the  group  comprises  five  units  of 
formational  rank:  The  Battleship  Wash 
Formation — 80  feet  of  cliff-forming  lime¬ 
stone  of  Chesterian  age,  the  BSb  unit — 
240  feet  of  shale  and  sandy  limestone  of 
probable  Springeran  age,  the  BSc  unit — 
2200  feet  of  limestone  and  cherty  lime¬ 
stone  of  Springeran  (?)  through  Mis¬ 
sourian  age,  the  BSd  unit — 320  feet  of 
interbedded  limestone  and  shaly  lime¬ 
stone  of  Missourian,  Virgilian  and  Wolf¬ 
campian  age,  and  the  BSe  unit — 530 
feet  of  dolomite  and  limestone  of  Wolf¬ 
campian  age. 

The  following  description  of  the 
Late  Paleozoic  cyclic  limestone  se- 
qnence  at  Arrow  Canyon  is  part  of 
a  continuing  project  to  furnish  a 
reference  section  for  Late  Cambrian 
through  Permian  rocks  in  the  south¬ 
ern  part  of  the  Cordilleran  miogeo- 
svncline.  Detailed  description  of  the 
entire  Bird  Spring  Group  exposed 
in  this  locality  should  provide  a  use¬ 
ful  datum  for  investigators  consider¬ 
ing  regional  Late  Paleozoic  strati¬ 
graphy  and  establish  stratigraphic 
relationships  of  previously  described 
invertebrate  fossils  (McCutcheon 
and  Wilson,  1961,  1963;  Wilson, 
1963;  Wilson,  Waines  and  Coogan, 
1963). 

Arrow  Canyon  is  superposed 
across  the  northern  end  of  the  Ar¬ 
row  Canyon  Range  approximately 
50  miles  N.  E.  of  Las  Vegas,  Nevada 
(Fig.  1).  Certain  strata  well-ex¬ 
posed  in  the  walls  of  this  canyon 
range  in  age  from  Late  Mississippian 


to  Permian  and  have  been  placed 
within  the  Bird  Spring  Group. 

Procedure.  —  Stratigraphic  sec¬ 
tions  were  measured  by  tape  and 
compass  and  traverse  data  were  re¬ 
duced  to  stratigraphic  thickness  with 
the  aid  of  Mandelbaum  and  San¬ 
ford’s  (1952)  tables.  Representative 
samples  were  collected  from  each 
separately  described  bed  and  field 
descriptions  are  supplemented  by 
study  of  polished  sections  and  in¬ 
soluble  residues.  Selected  fusulinids 
have  been  identified  for  stratigraphic 
control  and  only  a  few  of  the  more 
prominent  or  stratigraphically  sig¬ 
nificant  larger  invertebrates  have 
been  studied. 

Stratigraphy 

Previous  Work.  —  Spun*  (1903) 
first  reported  Carboniferous  rocks 
at  the  northern  end  of  the  Arrow 
Canyon  Range,  but  referred  to  the 
mountains  as  the  Meadow  Valley 
Range.  Longwell  (1928,  1949,  1952) 
briefly  mentioned  these  rocks,  but 
noted  in  particular  the  excellent  ex¬ 
posures  in  Arrow  Canyon.  Later, 
Bowyer,  Pampeyan  and  Longwell 
(1958)  showed  the  distribution  of 
Pennsylvanian  and  Permian  rocks 
on  a  geologic  map  of  Clark  Coun¬ 
ty.  Stratigraphic  studies  by  Bissell 
(1962b,  c)  refer  to,  but  do  not  de¬ 
scribe  sections  in  the  Arrow  Canyon 
Range.  Brill  (1963,  Fig.  14)  pre¬ 
sented  a  generalized  columnar  sec- 
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'  Measured  Section 


Contour  Interval  400  ft.  Topography  from  Arrow  Canyon 
Quad.  U.S.G.S.,  1958.  Geology  by  R.  L.  Langenheim,  Jr.,  1963. 


Figure  1. — Location  map  of  Arrow  Canyon,  Arrow  Canyon  Range,  Clark 
County,  Nevada. 
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tion  of  the  strata  in  question  and  a 
short  discussion  of  their  aspect  and 
fauna.  Coogan  (1964)  has  provided 
a  more  detailed  description  of  the 
Chesterian  through  mid-Atokan  por¬ 
tion  of  the  sequence.  Other  pertinent 
studies  have  been  reported  by  Lang- 
enheim  et  al.  1962),  McCutcheon 
and  Wilson  (1961),  Wilson,  Waines 
and  Coogan  (1963),  and,  in  unpub¬ 
lished  theses,  by  Duley  (1957), 
Welsh  (1959),  Coogan  (1962)  and 
V.  A.  M.  Langenheim  (1964). 

Stratigraphic  Nomenclature.  — 
Longwell  (1921,  1928  described 

Pennsylvanian  and  Permian  rocks 
in  the  Muddy  Mountains,  and  as¬ 
signed  them  to  the  Callville  Lime¬ 
stone,  whereas  Glock  (1929)  em¬ 
ployed  the  name,  “Bird  Spring”, 
for  similar  rocks  in  the  Spring 
Mountains.  Later,  the  Bird  Spring 

Formation  was  described  by  Hewett 

«/ 

(1931)  in  greater  detail.  These  for¬ 
mation  concepts,  as  erected,  distin¬ 
guish  strata  between  the  cliff-form¬ 
ing  Mississippian  rocks  of  the  region 
and  redbeds  identified  as  the 
“Supai”  Formation  (Fig.  2).  Al¬ 
though  the  Callville  concept  enjoys 
priority,  we  prefer  to  refer  the  Ar¬ 
row  Canyon  rocks  to  the  Bird  Spring 
Formation  because  its  original  de¬ 
scription  is  more  complete,  because 
there  are  no  doubts  concerning  the 
precise  limits  of  its  application  in 
the  type  area,  and  because  it  lias 
been  employed  by  most  workers  in 
the  area. 

In  addition  to  these  two  forma- 
tional  concepts,  applicable  to  the  en¬ 
tire  sequence,  several  less  inclusive 
units  have  been  proposed.  Longwell 
(1921,  1928)  defined  as  the  Blue 
Point  Limestone  a  cliff-forming  lime¬ 


stone  containing  a  “Brazer  fauna”. 
This  unit  incorporates  beds  between 
the  overlying  Callville  Limestone 
and  the  Lower  Mississippian  Rogers 
Spring  Limestone,  but  was  mapped 
by  Longwell  as  part  of  an  undivided 
sequence  with  the  Rogers  Spring 
Limestone.  Longwell  (personal  com¬ 
munication,  1955)  has  since  sug¬ 
gested  that  the  Blue  Point  Limestone 
may  be  equivalent  to  some  part  of 
the  Indian  Springs  Member  of  the 
Bird  Spring  Formation.  Examina¬ 
tion  of  sections  in  the  Muddy  Moun¬ 
tains  (Langenheim,  1956),  however, 
failed  to  locate  fossils  clearly  iden¬ 
tical  to  those  reported  by  Longwell, 
and  LongwelPs  original  collections 
appear  to  have  been  lost  or  mislaid 
in  the  collections  of  the  U.  S.  Geolog¬ 
ical  Survey.  As  a  consequence,  the 
Bluepoint  Limestone  could  possibly 
be  correlated  with  either  the  Indian 
Springs  Member  or  with  the  upper¬ 
most  Monte  Cristo  Formation  of 
most  authors. 

Longwell  and  Dunbar  (1936)  rec¬ 
ognized  a  Chesterian  faunal  assem¬ 
blage  in  the  lowermost,  slialy  por¬ 
tion  of  the  Bird  Spring  Formation 
in  the  type  area.  On  this  basis,  they 
assigned  these  rocks  to  what  they 
called  the  Indian  Springs  Member 
of  the  Bird  Spring  Formation.  The 
name,  “Indian  Springs,”  however, 
is  preoccupied  by  the  Indian  Spring 
Shale  and  the  Indian  Spring  Red- 
beds,  Silurian  of  Maryland  (Swartz, 
1923)  and  by  the  Indian  Springs 
Shale,  Chesterian  of  Indiana  (Malott 
and  Thompson,  1920).  We  recom¬ 
mend  abandonment,  therefore,  of  the 
name,  “Indian  Springs”,  for  the 
Chesterian,  lowermost  member  of  the 
Bird  Spring  Formation  of  southern 
Nevada. 
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Figure  2. — Chart  showing  stratigraphic  nomenclature  applied  to  late  Paleozoic 
rocks  of  southern  Nevada.  An  asterisk  indicates  the  original  description  of  a  unit. 
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Permian  rocks,  originally  included 
in  the  Callville  Limestone  or  Bird 
Spring  Formation,  have  been  assign¬ 
ed  by  certain  investigators  to  sep¬ 
arate  formational  units.  McNair 
(1951)  has  defined  the  Pakoon  For¬ 
mation  as  consisting  of  dolomitic, 
Permian  rocks,  formerly  included  in 
the  Callville  Formation,  cropping 
out  in  northwestern  Arizona  and  ad¬ 
jacent  areas.  The  Spring  Mountain 
Formation,  defined  by  Bissell 
(1962b,  c),  includes  Wolfcampian 
and  Leonardian  rocks  formerly  in¬ 
cluded  in  the  Bird  Spring  Forma¬ 
tion. 

Welsh’s  (1959)  more  elaborate 
classification  includes  separate  Penn¬ 
sylvanian  and  Permian  formations 
in  both  a  basinal  and  platform 
facies  within  Clark  County.  The 
Callville  and  Pakoon  Formations,  in 
the  sense  of  McNair  (1951),  are 
recognized  as  the  platform  facies, 
the  Bird  Spring  Formation  is  re¬ 
stricted  to  Pennsylvanian  rocks  in 
the  basinal  facies  and  a  new  forma¬ 
tion,  the  Apex  Formation,  is  pro¬ 
posed  for  Permian  rocks  in  the 
basinal  facies. 

We  (Langenheim  et  ah,  1962; 
Langenlieim,  V.  A.  M.,  1964)  have 
subdivided  the  Bird  Spring  Forma¬ 
tion  into  locally  useful  units,  BSa 
through  BSe.  The  BSa  unit  is  of 
the  proper  lithology,  age,  and  strati¬ 
graphic  position  for  assignment  to 
the  Blue  Point  Limestone,  but  the 
latter  was  not  adequately  defined 
and  definite  correlation  appears  to 
be  impossible.  The  BSa  and  BSb 
units  together  probably  constitute 
the  “Indian  Springs  Member”  as 
described  by  Longwell  and  Dunbar 
(1936).  Doubt  remains,  however,  as 
to  whether  the  tops  of  the  BSb 


unit  and  the  Indian  Springs  Mem¬ 
ber  are  to  be  correlated.  Perhaps 
all  or  part  of  the  BSb  unit  should 
be  more  properly  assigned  to  the 
White  Pine  Group  in  either  the 
Chainman  Shale  or  Hamilton  Can¬ 
yon  Formation.  The  BSc  and  BScl 
units  together  are  roughly  equiv¬ 
alent  to  the  restricted  Bird  Spring 
Formation  of  Bissell  (1962b,  c)  or 
Welsh  (1959),  and  the  BSe  unit 
approximates  the  Pakoon  Forma¬ 
tion  of  McNair  (1951),  the  Spring 
Mountain  Formation  of  Bissell 
(1962b,  c)  or  Apex  Formation  of 
Welsh  (1961).  Differences  between 
the  bounding  limits  appear,  how¬ 
ever,  because  the  Pennsylvanian- 
Permian  boundary  apparently  lies 
within  the  BSd  unit  at,  a  horizon  not 
readily  recognizable  for  mapping 
purposes. 

Except  for  the  BSa  unit,  we  have 
as  yet  not  adequately  demonstrated 
the  other  informal  units  to  be  read¬ 
ily  useful  in  mapping,  and,  for  this 
reason,  we  prefer  not  to  propose 
them  as  formational  units.  The  BSa 
unit,  however,  has  a  distinctive  lith¬ 
ology  and  serves  as  a  useful  map 
unit  throughout  its  extent  in  the 
Arrow  Canyon  Quadrangle.  For 
these  reasons  we  are  formally  des¬ 
ignating  it  the  Battleship  Wash  For¬ 
mation  of  the  Bird  Spring  Group. 

Descriptive  Stratigraphy  (Figs.  3, 
4).  —  In  Arrow  Canyon  the  Bird 
Spring  Group  is  approximately  3500 
feet  thick  and  is  almost  entirely  of 
limestone  with  the  exception  of  one 
prominent  dolomite  interval  about 
300  feet  thick  near  the  top  and  ap¬ 
proximately  240  feet  of  predom¬ 
inantly  shaly  rocks  near  the  base. 
Portions  are  abundantly  cherty. 
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V  A.  M.  Langenheim  ,  1964 


Figure  3. — Columnar  section  of  the  lower  portion  of  the  Bird  Spring  Group  as 
exposed  in  Arrow  Canyon. 
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VA  M  Langenheim,  1964 


Figure  4.— Columnar  section  of  the  upper  portion  of  the  Bird  Spring  Group 
as  exposed  in  Arrow  Canyon. 
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Battleship  Wash  Formation.  —  The 
hasal  contact  with  the  underlying  Monte 
Cristo  Group  is  well  exposed  at  the  type 
section  in  the  north  wall  of  Arrow  Can¬ 
yon  at  the  lower  entrance  to  the  deep 
and  narrow  upper  gorge.  Here  an  inter- 
bedded  sequence  of  cherty,  sandy  lime¬ 
stone  and  bi  own-weathering,  calcareous 
sandstone  rests  on  thick-bedded,  fine-to 
medium-grained,  gray  limestone  in  the 
Monte  Cristo  Group.  The  sandstone, 
though  discontinuous  and  inconspicuous, 
is  a  most  useful  feature  in  recognizing 
the  contact  and  is  the  most  important 
physical  evidence  of  an  interruption  in 
deposition.  Species  of  Faberophyllum , 
present  in  the  lowermost  sandy  unit, 
also  occur  in  the  Brazer  Group  of  north¬ 
ern  Utah  (Duley.  1957;  Parks,  1951)  and 
have  been  identified  as  Chesterian, 
whereas  Lithostrotionella  sp.  and  other 
fossils  in  the  uppermost  Yellowpine 
Limestone  of  the  Monte  Cristo  Group 
are  Meramecian  or  possibly  Osagian. 
Thus  the  apparent  hiatus  at  this  con¬ 
tact  amounts  to  all  or  part  of  Merame¬ 
cian  time  and  provides  further  evidence 
of  a  disconformity. 

The  basal  sandstone  member  at  the 
type  section  is  a  4  y2  foot  interval  of 
interbedded  sandy  limestone  and  cal¬ 
careous  sandstone  in  beds  approximately 
4  inches  to  1  foot  thick.  These  rocks 
are  slabby  and  weather  readily  to  form 
a  bench  or  reentrant  that  is  easily  over¬ 
looked  in  the  field  because  of  debris  de¬ 
rived  from  rocks  above  and  below.  At 
Arrow  Canyon,  the  basal  member  con¬ 
tains  abundant  specimens  of  Faberophyl¬ 
lum  sp. 

A  middle  member,  approximately  65 
feet  thick  at  the  type  locality,  consists 
of  medium-grained,  thick-bedded  lime¬ 
stone  characterized  by  blocky  jointing 
and  strikingly  parallel  bedding.  These 
rocks  weather  dark  olive-gray  in  con¬ 
trast  to  the  lighter  gray  rocks  of  the 
Monte  Cristo  Group.  In  addition,  these 
rocks  are  spar  cemented  in  contrast  to 
the  lime-mud  cemented  limestone  below. 
Fossils  are  notably  absent. 

An  uppermost  member  consists  of 
about  8  feet  of  medium-grained  lime¬ 
stone  which  weathers  purplish-gray  and 
is  more  thinly  bedded  than  the  middle 
member.  Bedding  plane  surfaces  bear 
an  interesting  association  of  Stigmaria 
sp.,  shark  teeth,  solitary  rugose  corals 
and  spiriferid  brachiopods. 

BSB  unit.  —  This  unit  consists  of  243 
feet  of  shaly  rocks  and  characteristically 
forms  a  prominent  strike  valley  or 
bench.  Exposures  are  poor  and  all  but 


three  feet  of  the  unit  are  covered  on  the 
line  of  the  traverse.  Scattered  outcrops 
show  that,  although  black  and  red  shale 
is  prominent  in  the  covered  sequence, 
argillaceous  limestone  and  calcareous 
sandstone  probably  are  as  abundant.  Bed 
2,  a  characteristic  limestone,  is  fine¬ 
grained,  and  weathers  rusty.  It  has  ap¬ 
proximately  5%  insoluble  residue,  chief¬ 
ly  fine  sand  and  silt  and  contains  the 
same  brachiopod  fauna  as  that  occurring 
in  the  basal  part  of  the  BSc  unit. 

BSc  unit.  —  Strata  aggregating  about 
2200  feet  in  the  Arrow  Canyon  section 
constitute  this  heterogeneous  unit  dom¬ 
inated  by  different  kinds  of  limestone 
some  of  which  are  cherty.  These  rocks, 
together  with  shale  and  sandstone,  occur 
in  what  is  regarded  to  be  a  cyclical  alter¬ 
nation. 

Beds  5  through  8,  285  feet  thick,  are 
composed  chiefly  of  fine-grained,  gray 
limestone  which  weathers  gray  to  rusty. 
Silicified  fossils  are  locally  abundant  and 
the  following  brachiopods  are  especially 
prominent:  Schizophoria  texana.  Pmic- 
tospirifer  campestris,  Spirifer  occiduus, 
and  Antiquatonia  hermosana.  An  in¬ 
soluble  residue  as  much  as  27%  is  com¬ 
posed  chiefly  of  fine  sand  and  silt. 

Beds  9  through  31,  comprising  about 
210  feet,  are  relatively  thick-bedded 
limestone.  Limestones  in  this  sequence 
range  from  fine-  to  coarse-grained;  they 
are  predominantly  dark  gray  and  wea¬ 
ther  light  gray.  Chert  is  sparse  in  the 
lower  half  of  this  unit  but  becomes  rel¬ 
atively  abundant  stratigraphically  up¬ 
ward.  Fossils  are  more  conspicuous  in 
the  upper  half  and  include  chiefly 
brachiopods,  bryozoans  and  echinoderm 
fragments. 

Beds  32  and  33,  approximately  150 
feet  thick,  are  covered  on  the  line  of 
traverse  and  are  drag  folded.  They  are 
composed  of  more  argillaceous  lime¬ 
stone.  Locally  abundant  brachiopods 
within  this  sequence  include  Spirifer 
occiduus ,  Hustedia  rotunda ,  Cleiothyri- 
dina  orbicularis,  Puncto spirifer  campes¬ 
tris,  Linoproductus  prattenianus,  Anti¬ 
quatonia  hermosana,  and  Orthotetes  cf. 
0.  occidentalis. 

Beds  34  through  45,  approximately  230 
feet  thick,  are  composed  of  cherty  lime¬ 
stone  ranging  from  fine-  to  coarse¬ 
grained  and  are  chiefly  dark  gray  to 
medium  gray.  The  insoluble  residue 
generally  is  less  than  10%.  Brachiopods, 
bryozoans  and  echinoderm  fragments  are 
abundant  and  rugose  corals  occur  in 
beds  42  and  43. 
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Beds  46  to  54,  approximately  125  feet 
thick,  are  characterized  by  insoluble 
residues  ranging  from  10%  to  32%. 
These  dark  gray,  fine-grained  limestone 
beds  weather  gray  to  buff.  Fossils  are 
not  prominent. 

Beds  55  through  60,  approximately  65 
feet  thick,  consist  of  limestone  grading 
upward  into  calcareous  siltstone.  The 
fine-  to  medium-grained,  gray  limestone 
is  cherty  and  contains  about  10%  in¬ 
soluble  residue.  Silicified  brachiopods 
occur  in  bed  56.  The  gray  calcareous 
siltstone  weathers  to  gray  and  buff  and 
contains  chert  nodules.  It  is  composed  of 
approximately  60%  insoluble  fine  sand 
and  silt. 

Beds  61  through  89,  about  175  feet 
thick,  are  composed  of  repeated  se¬ 
quences  of  relatively  thin  beds  of  chert 
and  limestone,  silty  limestone,  and  cal¬ 
careous  siltstone.  Insoluble  content 
ranges  to  53%  but,  within  the  limestone, 
is  from  3  to  15%.  Quartz  fine  sand  and 
silt  dominates  the  residues.  These  light 
to  dark  gray  rocks  weather  gray  or 
buff.  Brachiopods,  bryozoans,  and  ech- 
inoderm  fragments  are  present. 

Beds  90  to  91,  approximately  43  feet 
thick,  consist  of  medium-  to  coarse¬ 
grained  limestone  with  insoluble  res¬ 
idues  of  quartz  fine  sand  and  silt  rang¬ 
ing  from  20%  to  45%. 

Beds  92  through  98  are  composed  of 
about  65  feet  of  relatively  chert-free, 
fine-  to  coarse-grained  limestone.  In¬ 
soluble  residues  are  either  less  than 
10%  of  sand  and  silt  or  are  larger  and 
composed  of  clay. 

Beds  99  and  100  total  35  feet  thick  and 
are  composed  of  coarse-grained,  sandy 
limestone  which  is  light  gray  and  wea¬ 
thers  buff  to  brown. 

Beds  101  through  151,  approximately 
190  feet  thick,  are  characteristically 
shaly  and  relatively  chert-free.  This 
easily  eroded  sequence  is  composed  of 
thin  units  of  fine-  to  medium-grained, 
gray  to  black,  sandy  or  silty  limestone 
alternating  with  poorly  exposed,  rel¬ 
atively  thick  units  of  thin-bedded  shaly, 
nodular  limestone.  Insoluble  residues, 
chiefly  of  fine  sand  and  silt,  range  from 
5%  to  25%.  Chaetetes  fccvosus  occurs  in 
bed  112.  Brachiopods,  fenestellid  bry¬ 
ozoans,  solitary  corals  nnd  fusulinids 
are  locally  abundant. 

Beds  152  through  169,  approximately 
125  feet  thick,  are  characterized  by  more 
abundant  chert.  Insoluble  residues  are 
generally  less  than  10%  but  range  from 
1.2%  to  52%.  Limestones  range  from 
fine-  to  medium-grained.  Shaly  limestone 


is  confined  to  beds  160,  163  and  165  and 
bed  166  is  dolomitic.  Brachiopods  and 
fenestellid  bryozoans  are  the  most  prom¬ 
inent  fossils,  but  Caninia  sp.  occurs  in 
bed  156. 

Beds  170  through  182  consist  of  about 
190  feet  of  relatively  thick-bedded,  fine- 
to  coarse-grained  limestone.  Chert  is 
moderately  abundant,  but  shaly  or  silty 
layers  are  absent.  Insoluble  residues 
range  from  a  trace  to  from  20%  to 
30%.  These  cliff-forming  rocks  cause 
a  narrows  in  the  canyon.  Bed  182  is 
notably  drag-folded.  Brachiopods  and 
bryozoans  are  locally  abundant  and 
Weclekindellina  (?)  sp.  occurs  in  beds 
174  and  176. 

Beds  183  through  199,  about  200  feet 
of  rock,  are  chiefly  of  thick-bedded,  fine¬ 
grained  limestone,  but  include  several 
prominent  interbedded  layers  of  cal¬ 
careous  siltstone  and  silty  limestone. 
Chert  is  largely  confined  to  the  lower 
half  of  this  sequence.  Insoluble  residues 
of  silt  and  fine  sand  range  from  a  trace 
to  about  25%  in  the  limestone  and  30% 
to  50%  of  the  silty  rock  is  carbonate. 
Fusulina  (?)  sp.  occurs  in  bed  190  and 
brachiopods  and  bryozoans  occur  locally 
throughout  the  sequence. 

BSd  unit.  —  This  unit  includes  beds 
200  through  226  and  is  about  320  feet 
thick  at  Arrow  Canyon.  It  is  character¬ 
ized  by  resistant  thick-bedded,  relatively 
pure  limestone  sequences  alternating 
with  nodular,  shaly,  cherty  intervals 
which  erode  to  form  gullies  and  benches. 

The  limestone  sequences  range  from 
10  to  50  feet  thick  and  generally  are 
composed  of  layers  ranging  from  a  few 
inches  to  2  feet  thick.  A  few,  exceptional 
layers  in  bed  226  are  as  much  as  8  feet 
thick.  The  limestone  is  chiefly  fine¬ 
grained,  but  medium-grained  limestone, 
with  or  without  scattered  coarse  crys¬ 
tals,  is  present.  Insoluble  residues  of 
fine  sand  or  silt  are  characteristic  and 
range  from  5%  to  20%.  Beds  224  and 
225  are  dolomite.  The  silty  sequences 
are  as  much  as  20  feet  thick,  and,  al¬ 
though  largely  covered,  are  characterized 
by  layers  from  6  inches  to  1  foot  thick 
of  nodular  aspect. 

Fusulinids  are  abundant  in  the  lime¬ 
stone  beds.  Triticites  spp.,  including  T. 
calif ornicus,  occur  in  beds  210,  212,  and 
223.  Schwagerina  sp.  has  also  been 
noted  in  bed  223.  Bryozoans,  brachio¬ 
pods,  rugose  corals,  and  Syringopora 
spp.  are  locally  abundant. 

BSe  unit.  —  Approximately  530  feet  of 
this  unit  were  measured  and  described. 
The  lower  three-fiftlis  is  dolomite  and 
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forms  the  prominent  cliffs  capping  out¬ 
crops  of  the  BScl  unit.  These  rocks  are 
exposed  where  steeply  dipping  beds 
flatten  abruptly  to  the  east  in  Arrow 
Canyon.  Beds  227  to  228  are  composed 
of  about  45  feet  of  fine-grained,  gray 
dolomite  which  weathers  buff.  Layers 
are  as  much  as  3  feet  thick  and  contain 
scattered  chert  nodules.  Insoluble  res¬ 
idues  of  white  silt  range  from  5%  to 
20%.  Beds  229  to  231  comprise  about 
290  feet  of  similar,  but  chert-free,  dolo¬ 
mite. 

The  upper  two-fifths  of  the  measured 
part  of  the  unit,  about  195  feet  of  rock 
in  beds  232  through  239,  consists  of  fine¬ 
grained,  light  gray  limestone  in  layers 
as  much  as  3  feet  thick.  Minor  dolomite 
layers  are  interbedded  and  scattered 
chert  nodules  are  present.  Scattered 
fossil  occurrences  include  Kleopatrina 
ftatateeta  and  Syringopora  mccutcheo- 
nae  in  bed  237 ;  Durhamina  cordilleren- 
sis  in  bed  233;  and  fusulinids  in  beds 
232,  235,  236,  and  238. 

Age  and  Correlation. — Although 
relatively  few  fossils  have  been  de¬ 
scribed  and  illustrated  from  Penn¬ 
sylvanian  and  Permian  rocks  in  the 
Great  Basin,  Bissell  (1962a,  b)  and 
Brill  (1963)  have  published  zonal 
schemes  for  these  rocks  based  on 
fusulinid  occurrences.  Coogan 
(1962,  1964)  has  outlined  a  some¬ 
what  more  detailed  subdivision  of 
pre-Desmoinesian  rocks  in  which  he 
utilizes  the  ranges  of  fusulinids  and 
other  invertebrates  and  Wilson  and 
Langenheim  (1962)  have  recognized 
a  set  of  coral  zonules  in  the  Wolf- 
campian  and  Leonardian.  These 
schemes,  along  with  the  unpublished 
fusulinid  zone  classification  of  Welsh 
(1959),  are  arranged  according  to 
the  standard  stages  and  zones  for 
Pennsylvanian  and  Permian  rocks 
(Moore  and  Thompson,  1949; 
Thompson,  1948)  in  Figure  5. 

Thirty-one  fossil  invertebrate  spe¬ 
cies,  determined  in  the  course  of  this 
study,  are  tabulated  in  Figure  6 
according  to  their  stratigraphic  oc¬ 


curence.  Some  of  these  species  can 
be  related  to  one  or  another  of  the 
already  described  zones  and,  there¬ 
fore,  serve  to  correlate  the  Arrow 
Canyon  rocks  with  rocks  elsewhere 
in  the  Great  Basin  or  with  the  stand¬ 
ard  North  American  Pennsylvanian 
and  Permian  biostratigraphic  units. 
Ranges  of  other  species  are  not  well 
known,  and  it  is  hoped  that  deter¬ 
mination  of  their  range  at  Arrow 
Canyon  may  be  useful  for  future 
stratigraphic  work  in  the  region. 

Punctospirifer  campestris ,  Schizo- 
phoria  texana,  Gleiothyridina  orbicularis 
and  Antiquatonia  hermosana ,  occurring 
in  beds  6,  29,  and  33,  along  with  other 
brachiopods  and  Acanthopecten  sp.,  are 
all  characteristic  of  the  Rhipidomella 
nevadensis  fauna  of  the  Great  Basin. 
N.  G.  Lane  (1963)  has  described  Sclvizo- 
phoria  texana,  Orthotetes  occidentalis, 
and  Anthracospirifer  birdspringensis 
( Spirifer  occiduus  of  this  report)  and 
assigns  them  to  the  late  Morrowan. 
B.  O.  Lane  (1962),  however,  reports 
Spirifer  occiduus,  Punctospirifer  camp¬ 
estris  and  Antiquatonia  hermosana  oc¬ 
curring  stratigraphically  above  Fusulin- 
ella  and  Profusulinella  in  the  White 
Pine  Range,  thereby  extending  their 
ranges  at  least  to  the  middle  Atokan. 

Coogan  (1962,  1964)  assigns  the  en¬ 
tire  BSb  unit  and  the  basal  95  feet  of 
the  BSc  unit  at  Arrow  Canyon,  which 
includes  our  bed  6,  to  his  Flexaria- 
Reticularina-Michelinia  Faunizone.  The 
overlying  Millerella  marblensis-Staffella 
expansa-Caninostrotion  sp.  Faunizone 
(Coogan,  1962,  1964)  apparently  includes 
our  beds  29  and  33  in  the  lower  portion. 
According  to  Coogan  (1962,  1964)  Anti¬ 
quatonia  he?'mosana,  Schizoplioria  tex¬ 
ana  and  Spirifer  occiduus  range  through¬ 
out  the  Millerella  marblensis  etc.  Faun¬ 
izone  and  R eticularina  campestris 
( Punctospirifer  campestris  of  this  re¬ 
port)  may  occur  in  the  lower  portion. 

Coogan  (1962,  1964)  places  the  Flex- 
aria  etc.  Faunizone  somewhere  between 
the  Late  Chesterian  and  the  Early  Mor¬ 
rowan  but  declines  to  recognize  Spring- 
eran  rocks  in  the  Great  Basin.  He 
places  the  Millerella  expansa  etc  Faun¬ 
izone  in  the  Morrowan. 

Welsh  (1959),  on  the  basis  of  his 
recognition  of  Rhipidomella  nevadensis 
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<D 
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Figure  5. — Pennsylvanian  and  Permian  biostratigraphic  units  employed  in 
the  Great  Basin  Province. 
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UNIT 

BSc  Unit 

BSd  Unit 

BSe  Unit 

foss ilsT  ~ 

CO 

<T> 

CVJ 

ro 

ro 

cvj 

co 

to 

o 

CVJ 

to 

CVJ 

cvj 

v*- 

r^- 

CO 

r- 

o 

<T> 

205 

210 

CVJ 

212 

217 

223 

229 

233 

r- 

ro 

CVJ 

238 

FORAMINIFERA 

Fusutina  (?)  sp 

X 

Schwagerina  sp. 

X 

Triticites  sp. 

X 

Triticites  ca/ifornicus 

X 

T  cf.  T.  ca/ifornicus 

X 

Wedekindettina  sp. 

X 

X 

COELENTERATA 

i 

Caninia  sp. 

X 

Chaetetes  favosus 

X 

Durhamina  cordiiierensis 

X 

J 

Kieopairina  ftaiateeta 

X 

1 

Pseudozaphrentoides  ordinatus 

X 

Stereostyius  nebuius 

X 

i 

Syringopora  cf.  S.  catenoides 

X 

S.  mccufcheonoe 

X 

1 

S.  (?)  mozarti 

X 

i 

S.  muitattenuata 

X 

X 

S.  cf.  S.  muitattenuata 

X 

X 

X 

BRACHIOPODA 

! 

Antiquatonia  hermosana 

X 

X 

X 

Cteiothyridina  orbicularis 

X 

Composita  subtitito 

X 

Hustedia  rotunda 

X 

Unopro  ductus  prattenianus 

X 

X 

X 

X 

Me  eke  tta  sp. 

X 

Neospirifer  camera  tus 

X 

Orthotetes  cf.  O.  occidentatis 

X 

Punctospirifer  campestris 

X 

X 

P.  kentuckyensis 

X 

Schizophoria  texana 

X 

Spirifer  occiduus 

X 

X 

X 

X 

X 

Wetter  et ta  tetrahedra 

X 

MOLLUSCA 

Ancanthopecten  sp 

X 

SAMPLE  NUMBERS 

B4972; 5199 

B4973; 5229 

B4974 

B5252 

B4976 ;  5264 

B4978; 5294 

B4979 

B4980; 5309 

B498I ;  6042 

B4983; 6062 

B6065 

B6067 

B4985,  6124 

B4987;  6135 

B  4988 ;  6139 

B4989 ; 6140 

86141 

B4990; 6144 

B6I49 

B4993,  6154 

B4994 ;  6158 

B4996;  6162 

B4997,  6163 

Figure  6. — Checklist  of  fossils  from  the  Bird  Spring  Group  at  Arrow  Canyon.. 
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in  the  Arrow  Canyon  section  assigns 
rocks  apparently  equivalent  to  our  beds 
5  through  the  basal  *4  of  bed  8  to  the 
Rhipidomella  nevadensis  zone.  His  cor¬ 
relation  of  these  rocks  is  somewhat  am¬ 
biguous,  however,  inasmuch  as  he  as¬ 
signs  the  collections  to  the  Morrowan 
in  his  description  and  illustration  of 
the  columnar  section  (Welsh,  1959,  p. 
A-105,  Enclosure  12)  but  limits  occur¬ 
rences  of  Rhipidomella  nevadensis  to  the 
zone  of  that  name  (Welsh,  1959,  Table 
I,  p.  26)  which  he  tentatively  refers  to 
either  the  Springeran  or  Morrowan 
(Welsh,  1959,  p.  25,  30).  Our  collections 
from  bed  6  fall  within  this  sequence  but 
do  not  include  Rhipidomella  nevadensis ; 
they  do  include  abundant  Schizophoria 
texana,  however,  a  brachiopod  which 
grossly  resembles  R.  nevadensis. 

Welsh  (1959,  p.  30)  assigns  all  rocks 
between  the  highest  occurrence  of  R. 
nevadensis  and  the  lowest  occurrance  of 
Profusulinella ,  his  station  NAC-177 
through  NAC-187+ (20-30) ,  to  the  Zone 
of  Millerella  and  Paramillerella.  This 
sequence  apparently  includes  our  collec¬ 
tions  from  beds  29,  33,  42  and  56. 

Coogan  (1962,1964)  defined  the  Miller- 
ella  marblensis-Staffella  expansa-Canino- 
strotion  sp.  Faunizone  at  Arrow  Canyon 
and  used  his  units  54  through  124,  es¬ 
sentially  equivalent  to  our  beds  10 
through  107,  as  the  type  section.  Thus 
our  collections  from  beds  29,  33,  42,  56 
and  101  belong  to  this  Faunizone  as  de¬ 
fined  by  Coogan.  Coogan  (1962)  reports 
the  following  species  from  this  zone 
which  have  also  been  collected  here  by 
us:  Antiquatonia  hermosana,  Hustedia 
cf.  H.  miseri  ( H .  rotunda  of  this  report), 
Linoproductus  prattenianus,  Spirifer  oc- 
ciduus,  and  Reticularina  campestris 
(Puncto spirifer  campestris  of  this  re¬ 
port). 

Welsh  (1959)  assigns  rocks  which  ap¬ 
parently  fall  between  our  beds  101  and 
112  to  the  Zone  of  Profusulinella  and 
Coogan  (1962,  1964)  apparently  recog¬ 
nizes  the  same  zone  in  our  beds  108 
through  111.  Thus  we  have  no  fossils 
representative  of  this  zone  in  our  collec¬ 
tions. 

Both  Welsh  (1959)  and  Coogan  (1962, 
1964)  apparently  assign  rocks  equiva¬ 
lent  to  our  beds  112  through  144  to  the 
Zone  of  Fusulinella.  Our  collection  of 
Chaetetes  favosus  from  bed  112  is  ap¬ 
parently  equivalent  to  Welsh’s  Chaetetes 
sp.  biostrome  at  his  station  N  AC-789  + 
(10-20)  and  to  the  occurrence  of  C. 
favosus  reported  by  Coogan  (1962, 
1964)  in  his  unit  162.  Coogan’s  unit  160 


apparently  also  is  included  within  our 
bed  112  and  is  assigned  by  Coogan  to 
the  Chaetetes  favosus-Multithecopora  n. 
sp.  Faunizone  and  probably  to  the 
Fusulinella  fug ax-Chaetetes  favosus 
Faunizone.  We,  however,  have  not  col¬ 
lected  any  of  the  characteristic  inverte¬ 
brates,  other  than  C.  favosus ,  reported  bv 
Coogan  from  these  rocks. 

Our  collections  from  beds  125  and  142 
are  within  the  Zone  of  Fusulinella  as 
reported  by  both  Coogan  (1962)  and 
Welsh  (  1959)  and  both  collections  ap¬ 
pear  to  fall  within  the  Fusulinella 
acuminata-Komia  Faunizone  of  Coogan. 
None  of  the  brachiopods  or  the  coral 
collected  by  us,  however,  are  reported 
by  Coogan  (1962).  Welsh’s  (1959)  re¬ 
port  of  Composita  sp.,  Lophophyllidium 
sp.,  Neospirifer  sp.,  Puncto  spirifer  sp. 
and  Spirifer  opimus  probably  is  equiv¬ 
alent  to  our  Composita  subtilita ,  Stero- 
stylus  n.  sp.,  Neospirifer  cameratus , 
Puncto  spirifer  kentuckyensis  and  Spir¬ 
ifer  opimus. 

Welsh  (1959)  reports  W e dekin dellina 
sp.  from  many  beds  in  an  interval  ap¬ 
parently  equivalent  to  our  beds  135 
through  188,  and,  on  this  basis,  assigns 
these  rocks  to  the  Subzone  of  Wedekin- 
dellina.  Our  two  collections  of  Wedekin- 
dellina  sp,  from  beds  174  and  176,  as 
well  as  a  collection  of  Puncto  spirifer 
kentuckyensis  from  bed  171  also  are 
from  this  interval. 

Welsh  (1959)  assigns  rocks  roughly 
equivalent  to  our  beds  188  through  195 
to  the  Zone  of  Fusulina,  and  these  rocks, 
at  bed  190,  yielded  our  collection  of 
Fusulina  (?)  sp. 

Wrelsh  (1959),  on  the  basis  of  single 
occurrences  of  Waeringella  (Wedekin- 
dellina)  ultima  and  Triticites  (?)  sp., 
places  rocks  roughly  equivalent  to  our 
beds  199  through  210  in  the  Missourian. 
Our  collection  of  Triticites  sp.  from  bed 
210  supports  Welsh’s  conclusion,  but 
our  only  other  Missourian  collection, 
four  species  of  Syringopora  from  bed 
205,  has  little  stratigraphic  significance. 

Welsh’s  (1959)  Zone  of  ventricose 
Triticites  includes  rocks  ranging  from 
his  station  NAC-796  +  20  through  NAC- 
800  and  is  subdivided  into  a  lower 
Waeringella  subzone  and  an  upper  Dun- 
barinella  subzone.  This  sequence  appears 
to  includes  beds  211  through  226,  but  our 
collections  of  Permian  fusulinids,  Triti¬ 
cites  cf.  T.  calif ornicus  from  bed  212 
and  T.  californicus  and  Schwagerina  sp. 
from  bed  223,  contradict  Welsh’s  cor¬ 
relation  of  these  rocks  with  the  Virgil- 
ian.  Brill  (1963),  p.  321,  fig.  14)  also 
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shows  Triticites  calif ornicus  at  the  be^e 
of  the  Permian  and  about  50  feet  below 
the  base  of  a  prominent  dolomite  se¬ 
quence.  Therefore  the  occurrence  is 
probably  from  our  bed  223,  which  is 
approximately  75  feet  below  the  base  of 
the  thick  dolomitic  sequence  and  which 
has  yielded  Schwagerina  sp.  and  T. 
calif  ornicus.  Welsh’s  collection  of  Triti¬ 
cites  sp.  from  a  bed  ten  feet  below  the 
base  of  the  dolomite  is  probably  unre¬ 
lated  to  our  collections  or  those  of  Brill 
(1963). 

We  have  also  collected  Syringopora 
cf.  S.  multattenuata  (beds  211 
and  Pseudozaphrentoides  ordii  1 

217)  from  Virgilian  rocks  at  Jr 
yon.  Ross  and  Ross  (1962) 
described  P.  ordinatus  from 
rocks  near  the  top  of  the  Gaptank  r  .  i- 
mation  in  the  Glass  Mountains,  Texas. 
Welsh’s  (1959)  reports  of  Pseudozaph- 
rentoides  (?)  from  his  Missourian  col¬ 
lections  NAC-795  and  NAC-796  and  his 
Virgilian  collection  NAC-798+ (40-50) 
may  or  may  not  be  taxonomically  equiv¬ 
alent  to  our  P.  ordinatus. 

Welsh  (1959)  describes  810  feet  of 
Wolfcampian  Apex  Formation,  placing 
the  base  at  the  bottom  of  a  prominent, 
thick-bedded,  cliff-forming  dolomite  se¬ 
quence.  We  have  measured  and  described 
only  530  feet  o,  Wolfcampian  rock  which 
includes  Welsh’s  Apex  Formation 
through  his  station  NAC-187  +  90. 

Welsh  (1959)  reports  many  occurrences 
of  Schwageriana  sp.  and  Pseudoschwag- 
erina  sp.  within  this  sequence  and  we 
have  also  collected  many  fusulinids  from 
these  rocks.  We,  however,  have  found 
them  difficult  to  identify  because  of  sili- 
cification. 

Association  of  Kleopatrina  ftatateeta 
and  Syringopora  mccutcheonae  in  bed 
237  (McCutcheon  and  Wilson,  1961;  Wil¬ 
son  and  Langenheim,  1962)  is  similar 
to  an  occurrence  in  Wolfcampian  rocks 
of  the  Ely  Quadrangle,  200  miles  north 
of  Arrow  Canyon.  In  the  Ely  Quad¬ 
rangle,  however,  these  corals  occur 
stratigrapliically  below  Durhamina 
cordillerensis ,  which  at  Arrow  Canyon, 
occurs  in  bed  233,  below  K.  ftatateeta. 
This  relationship  is  the  reverse  of  that 
reported  by  Wilson  and  Langenheim 
(1962,  p.  502)  and  used  by  them  in 
establishing  a  sequence  of  coral  zonules 
in  the  Ely  Quadrangle.  Except  for  the 
fact  that  minor  morphologic  differences 
between  D.  cordillerensis  from  Arrow 
Canyon  and  from  the  Ely  Quadrangle 
may  prove  taxonomically  significant, 
this  invalidates  the  zonules  of  Wilson 


and  Langenheim  (1962)  for  use  through¬ 
out  the  Great  Basin.  It  is  possible,  how¬ 
ever,  that  the  absence  of  D.  cordilleren¬ 
sis  below  K.  ftatateeta  at  Ely  is  conse¬ 
quent  upon  the  fact  that  there  are  no 
Permian  rocks  of  suitable  facies  below 
the  K.  ftatateeta  occurrance. 

Syringopora  multattenuata  is  present 
in  beds  227  and  233,  thus  significantly 
extending  both  the  stratigraphic  and 
geographic  range  of  this  species  (Mc¬ 
Cutcheon,  1961). 

Summary 

Approximately  3500  feet  of  Ch 
terian  through  Wolfcampian  rocks 
assigned  to  Gie  Bird  Spring  Group 
are  well  c  A  in  Arrow  Canyon 
in  the  n  istern  corner  of  the 
Arrow  Ci  ^  on  Quadrangle.  These 
rocks  are  among  the  southeastern- 
most  exposures  of  miogeosynclinal 
Late  Missis  opian  through  Permian 
rocks  in  this  area,  and  the  excep¬ 
tional  exposure  at  this  locality  is 
well  fitted  to  serve  as  a  regional 
standard  of  wence  for  future 
study. 

'epetitive  depositional  patterns 
subtle,  complex  facies  relation¬ 
ships  have  frustrated  attempts  at 
region-wide  classification  of  forma- 
tional  units  and  already  described 
“rock”  units  ar  in  large  part, 
defined  by  incompletely  known  bio- 
stratigraphic  data.  For  this  reason, 
we  formerly  emrAyed  a  local  clas¬ 
sification  of  info  al  units  in  which 
the  Bird  Spring  Formation  was 
treated  as  a  group  divided  into  five 
units  of  formational  rank:  BSa, 
BSb,  BSc,  BSd,  and  BSe  (Langen¬ 
heim  et  al.,  1962).  We  are  now 
satisfied  that  the  BSa  unit  has  re¬ 
gional  significance  as  a  lithological¬ 
ly  defined  unit  and,  for  this  reason, 
have  recognized  it  as  the  Battleship 
Wash  Formation. 
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The  Battleship  Wash  Formation 
is  approximately  80  feet  thick  at 
Arrow  Canyon.  It  is  characterized 
by  thick-bedded  limestone  and  rests 
disconformably  on  the  Yellowpine 
Limestone  of  the  Monte  Cristo 
Group.  It  is  Chesterian. 

The  BSb  unit  is  approximately 
240  feet  thick  at  Arrow  Canyon 
and  is  characterized  by  readily 
eroded  shale  and  sandy  limestone. 
It  is  probably  Springeran. 

die  BSc  unit  is  approximately 
z^OO  feet  thick.  It  is  composed  of 
strikingly  layered  limestone  and 
cherty  limestone  wbic  character¬ 
istic  of  the  Bird  1  g  Group 
throughout  its  extent.  ranges  in 
age  from  Springeran  (?)  through 
Missourian. 

The  BSd  unit  is  aj  ipoximately 
320  feet  thick  and  is  composed  of 
alternating  sequences  of  resistant, 
cliff -forming  limestor  e  and  readily 
eroded  shaly  limes'  It  includes 
late  Missourian,  Vu  an  and  early 
Wolfcampian  rocks,  thus  span  id  g 
the  Pennsylvanian-Permian  bo 
ary.  There  is  no  convincing  physical 
or  biostratigraphic  evidence  of  an 
unconformity. 

The  BSe  unit  is  approximately 
530  feet  thick  ii  our  incomplete 
measured  section.  The  lower  part 
consists  of  tliick-bedded  dolomite 
and  all  of  the  i  asured  and  de¬ 
scribed  portion  of  the  unit  is  Wolf¬ 
campian. 
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PETROLOGY  OF  THE  HORN  AREA,  BIGHORN 

MOUNTAINS,  WYOMING 
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Abstract.  —  Laramide  block-like  up¬ 
lift  of  the  Precambrian  basement  pro¬ 
duced  a  faulted  mountain  mass,  approx¬ 
imately  27  square  miles  in  area,  extend¬ 
ing  southward  from  the  central  Bighorn 
unit.  The  core  of  this  uplift  contains 
complexly  folded,  foliated  high-grade 
metamorpliic  rocks. 

Precambrian  rock  types  include  peg¬ 
matite,  amphibolite,  marble,  calc-silicate 
rock,  feldspathic  rock,  biotite  schist,  and 
amphibole  rocks  in  addition  to  the  pre¬ 
dominant  gneiss.  Schistosity,  minera- 
logical  and  lithological  layering  are  con¬ 
formable  throughout  the  complex  with 
cross-cutting  pegmatites  being  the  only 
exception.  These  rocks  are  believed  to 
have  originated  from  regional  metamor¬ 
phism  and  later  alkali  metasomatism  of 
supracrustal  rocks.  Alkali  metasomat¬ 
ism,  apparently  a  post-tectonic  event 
and  perhaps  a  late  stage  of  the  regional 
metamorphism,  culminated  in  peg- 
matitization.  Mineral  assemblages  in¬ 
dicate  the  staurolite-quartz  subfacies, 
and  almandine-amphibolite  facies  of  re¬ 
gional  metamorphism. 

The  Bighorn  Mountains  (Fig.  1) 
are  a  broad,  asymmetric,  anticlinal 
uplift  between  the  Powder  River 
Basin  on  the  east  and  the  Bighorn 
Basin  on  the  west.  The  north  end 
of  the  range  rises  in  southern  Mon¬ 
tana,  southeast  of  the  Pryor  Range 
from  which  it  is  structurally  dis¬ 
tinct  (Blackstone,  1940).  This 
northern  unit  is  asymmetrical  with 
the  steeper  flank  to  the  west,  and 
locally  is  overthrust  to  the  west  as 
in  the  Five  Springs  Creek  area 
(Wilson,  1934).  Two  subsidiary 
anticlines  with  the  same  asymmetry 
and  trend  as  the  northern  unit 
modify  the  gently  dipping  east 
flank.  An  ill-defined  fault  zone 


(Tongue  River  fault  zone)  serves  as 
a  boundary  between  the  northern 
and  central  sectors. 

In  the  central  unit,  where  uplift 
was  greatest,  the  sedimentary  rocks 
have  been  extensively  removed  and 
much  more  Precambrian  basement 
is  exposed  than  in  the  combined 
northern  and  southern  units.  More¬ 
over,  the  structural  asymmetry  of 
the  central  unit  is  opposed  to  that 
of  the  northern  and  southern  units. 
Steep  dips  with  local  overtlirusts 
bounded  by  tear  faults  mark  the 
east  flank  whereas  the  west  side  is 
characterized  by  a  gentle  monoclinal 
dip.  Asymmetry  of  subsidiary  fold¬ 
ed  structures  at  the  northern  and 
southern  ends  of  the  central  unit  ’s 
east  flank  conforms  to  that  of  ad¬ 
jacent  units.  For  example,  Walker 
Mountain  anticline  at  the  north  end 
of  the  central  unit  and  West  Billy 
Creek,  Beaver  Creek  and  Horn 
anticlinal  structures  at  the  south 
end  have  their  steeper  flanks  to  the 
west,  whereas  the  central  unit  prop¬ 
er  has  its  steep  flank  to  the  east. 

The  southern  unit  is  separated 
from  the  central  unit  by  the  Ten- 
sleep  fault.  This  southern  unit 
trends  north  to  north-northeast  and 
is  asymmetrical,  with  the  steep 
flank  toward  the  west ;  there  are  sev¬ 
eral  subsidiary  anticlines  with  sim¬ 
ilar  asymmetry  which  trend  north- 
northwest.  A  north-northeast  trend¬ 
ing  high  angle  fault  is  related  to 
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Figure  1. — Index  map  of  the  central  Bighorn  unit  showing  location  of  the  Horn 
area  (large  arrow). 


uplift  of  the  southern  unit.  This 
fault  divides  into  subsidiary  ones 
at  the  southern  terminus  of  the 
range  where  the  Bighorns  join  the 
w  e  s  t  w  a  r  d  trending  Bridger-Owl 
Creek  Uplift. 

The  Horn  area  (Fig.  2)  which  is 
of  primary  concern  herein,  lies  along 
a  portion  of  the  east  flank  and  in¬ 
cludes  parts  of  both  the  central  and 


southern  units.  A  feature  identi¬ 
fied  as  the  Horn  is  a  relatively  small 

*/ 

mountain  mass  which  extends  as  a 
horn -shaped  prominence  southward 
from  the  central  unit.  The  Horn  it¬ 
self  is  a  block-like  uplift  of  the  Pre- 
cambrian  basement  with  its  western 
and  southern  boundaries  sharply 

delineated  by  the  Horn  fault.  This 
«/ 

is  a  high  angle,  reverse  fault  along 
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Geologic  map  of  the  Horn  area. 


the  western  boundary  but  becomes 

«/ 

a  transverse  fault  along*  the  southern 
boundary.  On  the  east  side  of  the 
uplift  superjacent  sedimentary  rocks 
dip  moderately  eastward  in  con¬ 
tinuity  with  the  east  flank  of  the 


central  unit  of  the  range.  On  the 

west,  the  sedimentary  rocks  have 

been  dragged  into  an  overturned 

syncline  by  movement  on  the  Horn 

fault.  The  over-turned  eastern  limb 

of  this  syncline  becomes  the  western 
«/ 
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margin  of  the  Horn,  whereas  its 
normal  limb  constitutes  the  east 
flank  of  the  southern  Bighorn  unit. 

General  Description  of 
Precambrian  Rocks 

A  wide  variety  of  Precambrian 
metamorphic  rock  types  are  exposed 
in  what  is  referred  to  herein  as  the 
Horn  gneiss  complex,  although 
granitic  gneiss  overwhelmingly  dom¬ 
inates.  Cross-cutting  and  conform¬ 
able  planar  pegmatite  bodies,  irreg¬ 
ular  pegmatite  masses  and  conform¬ 
able  lenses  or  pods  of  amphibolite 
commonly  are  associated  with  gneiss. 
Amphibolite  characteristically  oc¬ 
curs  as  small  pods  less  than  one  or 
two  meters  thick ;  rarely  is  it  found 
in  planar  units  of  mappable  size. 
Pegmatites,  too,  are  generally  small 
scale  features.  Consequently,  only  a 
small  proportion  of  the  amphib¬ 
olite  and  none  of  the  pegmatite 
bodies  are  large  enough  to  be  shown 
on  the  geologic  map  and  sections. 
Locally,  biotite  schist  occurs  and  is 
gradational  into  biotite  gneiss.  The 
three  rock  types,  granitic  gneiss, 
pegmatite  and  amphibolite  are  well 
exposed.  Other  rare  and  poorly  ex¬ 
posed  rock  types,  include  biotite 
schist,  calc-silicate  rock,  marble, 
quartzite,  quartz-hematite  schist 
and  garnetiferous  rock.  Some  of 
these  types  would  probably  not  have 
been  discovered  were  it  not  for  nu¬ 
merous  test  pits  in  the  area. 

Perhaps  the  most  striking  struc¬ 
tural  feature  of  these  rocks  is  the 
conformability  of  their  foliation  or 
schistosity  with  lithologic  contacts. 
With  the  exception  of  cross-cutting 
planar  and  irregular  massive  peg¬ 
matite,  all  rock  types  occur  as  in- 


terlayered,  parallel  or  sub-parallel 
units.  This  conformability  is  dis¬ 
turbed  locally,  by  complex  minor 
folding,  lensing,  or  boundinage  ef¬ 
fects.  In  some  occurrences  foliation 
may  be  obliterated  bv  cataclasis, 
but  the  over-all  parallelism  of  folia¬ 
tion  and  the  various  rock  units  re¬ 
mains  a  dominant  characteristic. 

Granitic  Gneiss 

Megascopic  features.  —  The  granitic 
gneisses  are  fine-  to  medium-grained 
rocks,  the  color  of  which  ranges  from 
light  gray,  to  pink  or  tan,  to  dark  gray. 
Several  varieties  were  distinguished  in 
in  the  field  on  the  basis  of  texture  and 
structure,  irrespective  of  mineralogical 
composition.  The  most  common  variety 
is  “normal”  granitic  gneiss  having  in¬ 
distinct  to  well-developed  foliation. 
Other  varieties,  listed  in  the  order  of 
estimated  abundance,  are:  permeation 
gneiss,  porpliyroblastic  gneiss,  handed 
gneiss,  augen  gneiss,  migmatitic  gneiss 
and  veined  gneiss. 

Mineralogical  varieties  include  quart- 
zo-feldspathic  gneiss,  quartz-plagioclase 
gneiss  and  feldspathic  gneiss;  each  of 
these  may  contain  biotite  or  hornblende 
or  both  as  the  mafic  varietal  (s).  (In 
this  paper,  the  term  “quartzo-felds- 
patliic”  means  that  quartz,  plagioclase, 
and  potassium  feldspar  are  present  in 
significant  amounts.)  Biotite  quartzo- 
feldspathic  gneiss  constitutes  the  most 
abundant  variety.  As  the  percentage  of 
microcline  decreases  this  variety  be¬ 
comes  biotite  quartz-plagioclase  gneiss. 
Feldspathic  gneiss  (in  which  quartz  is 
absent  or  minor)  was  found  only  in  the 
vicinity  of  marbles  and  calc-silicate 
rocks.  Contacts  between  mineralogical 
varieties  are  generally  gradational,  but 
some  are  sharp  and  parallel  to  foliation. 

Banding  in  the  gneisses  is  defined  by 
alternating  felsic  and  mafic  layers  and 
is  accentuated  by  grains  of  biotite  and 
hornblende  lying  with  flakes  or  long 
axes  in  the  plane  of  layering.  The  felsic 
layers  generally  consist  of  xenoblastic 
quartz,  oligoclase,  and  microcline  with 
minor  amounts  of  either  biotite  or  horn¬ 
blende,  depending  upon  which  is  the 
dominant  mineral  in  the  associated 
mafic-rich  layers.  Similarly,  the  mafic 
layers  are  biotite-rich,  or  more  rarely, 
hornblende-rich,  but  some  quartz  and 
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feldspar  usually  are  present.  Some 
thin  layers  (less  than  3  mm  thick)  may 
consist  exclusively  of  hornblende,  which 
tends  to  he  more  strongly  segregated 
than  biotite.  Gneisses  in  which  biotite 
is  the  dominant  mafic  varietal  mineral 
tend  to  he  less  distinctly  banded.  Horn¬ 
blende  gneisses,  on  the  other  hand,  show 
a  stronger  development  of  compositional 
layering;  in  the  hornblende-rich  layers 
the  hornblende  prisms  often  are  aligned 
so  as  to  define  alineation  in  the  plane 
of  foliation.  Within  the  felsic  layers 
further  segregation  is  sometimes  pres¬ 
ent;  quartz  stringers  and  lenses  and 
plagioclase-rich  layers  alternate  with 
quartz-plagiocla se-microcline  layers. 
This  type  of  segregation  is  developed 
commonly  only  in  the  leucocratic  va¬ 
rieties  of  granitic  gneiss. 

Granitic  gneisses  show  widespread 
mineral  lineation  which  is  marked  by 
elongate  aggregates  of  biotite  or  horn¬ 
blende  (streaks),  or  by  the  sub-parallel 
alignment  of  hornblende  prisms  or  el¬ 
lipsoidal  biotite  plates.  The  fact  that 
hornblende  prism  alignment  is  more 
common  than  biotite  lineation  has  been 
alluded  to;  the  latter  is  seen  only  in 
areas  of  intense  folding.  Streaking  and 
lineation  involving  hornblende  align¬ 
ment  lie  within  the  foliation  plane  and 
are  developed  commonly  even  where 
strong  folding  is  not  apparent.  Foliation 
generally  is  more  pronounced  than  linea¬ 
tion  except  in  the  axial  zone  of  a  major 
fold. 

Mineralogy  and  textures.  —  The  pre¬ 
dominant  gneisses  show  a  wide  variety 
of  textural  features  and  mineralogical 
types  in  thin  section.  Gneiss  generally 
consists  of  approximately  90  percent 
quartz,  plagioclase  and  microcline,  with 
the  remainder  being  biotite  and/or  horn¬ 
blende  plus  accessories. 

Quartz  occurs  characteristically  as 
xenoblastic  grains.  Lenses  and  layers 
of  quartz  aggregates  elongated  parallel 
to  foliation  are  common.  Individual 
crystals  of  quartz  embay  plagioclase,  but 
boundaries  with  other  quartz  grains  are 
sutured.  Strain  effects  are  invariably 
present  in  the  form  of  undulatory  ex¬ 
tinction  and,  less  commonly,  as  defor¬ 
mation  lamellae.  Commonly,  very  fine 
(usually  less  than  0.1  mm),  round  quartz 
grains  are  enclosed  by  plagioclase  and 
microcline. 

Plagioclase  feldspar  is  abundant  in  the 
granitic  gneisses,  having  an  antipathetic 
relation  to  potassium  feldspar.  Individ¬ 
ual  crystals  are  fine-  to  medium-grained, 


hypidioblastic,  usually  polysynthetical- 
ly  twinned  and  slightly  altered.  They 
appear  cloudy  or  dusty  as  a  result  of  the 
characteristic  alteration  to  sericite,  kao- 
linite  and  epidote.  Sericite  alteration 
often  is  preferentially  developed  along 
cleavage  planes.  Effects  of  stress  in 
plagioclase  are  wavy,  bent,  or  rarely, 
faulted  cleavage  and  twin  planes.  Plagio¬ 
clase  composition  ranges  from  An-  to 
Alio..,,  the  mean  composition  from  deter¬ 
minations  made  in  21  thin  sections  being 
An13.  Oligoclase  may  show  albitic  rims 
that  are  free  of  alteration.  Myrmekite 
commonly  occurs  along  contacts  with 
microcline. 

Potassium  feldspar,  ranging  widely  in 
percentage  from  sample  to  sample,  is  a 
constituent  of  nearly  all  samples.  It  ex¬ 
hibits  a  variety  of  textural  relationships 
and  unlike  plagioclase  and  quartz  shows 
no  strain  effects.  Where  present  in  minor 
amounts,  it  occurs  interstitially  and  as 
fine-grained  patch  replacements  in  plagio¬ 
clase  (incipient  replacement  stage).  In 
more  advanced  stages  of  replacement, 
potassium  feldspar  occurs  either  as  dis¬ 
seminated  medium-grained  crystals  or 
as  microcline-rich  layers.  Coarse  grained 
subhedral  grains  of  microcline  character¬ 
istically  form  the  porphyroblasts  in  por- 
pliyroblastic  gneiss.  Most  potassium 
feldspar  shows  well-developed  grid  twin¬ 
ning  and  is  microperthitic,  the  strings 
or  lenses  of  albite  being  in  positions 
crystallographically  controlled  by  the 
microcline  host.  Crystals  of  microcline 
are  clear  in  contrast  to  the  cloudy  plagio¬ 
clase.  A  thin  section  showing  a  ptygma- 
tically  folded  microcline-quartz  “vein” 
revealed  that  microcline  is  much  more 
abundant  in  the  gneiss  adjacent  to  the 
“vein”  than  elsewhere  in  the  gneiss. 

Biotite  is  the  usual  mafic  varietal,  oc¬ 
curring  as  fine-grained,  ragged  plates  or 
as  fresh  appearing  lepidoblastic  crys¬ 
tals.  It  cuts  across  plagioclase,  is  inter¬ 
stitial  in  quartzo-feldspathic  material 
and  has  crystallized  as  flakes  along  shear 
planes.  A  thin  section  at  right  angles 
to  the  axial  plane  of  a  microfold  shows 
that  biotite  flakes  are  oriented  with  their 
{001}  cleavage  parallel  to  the  axial  plane 
of  the  microfold.  More  commonly  biotite 
is  crystallized  along  shears  parallel  to 
the  foliation.  Absorption  is  strong  (pleo- 
chroism  X  —  straw  yellow,  Y  =  Z  = 
dark  brown)  and  pleochroic  haloes  often 
are  well  developed. 

The  alteration  of  biotite  in  the 
gneisses  is  far  from  simple.  One  thin 
section  showed  three  distinct  altera- 
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tions:  (1)  chlorite  and  magnetite,  (2) 
bleached  biotite  and  rutile  needles,  and 
(3)  muscovite.  The  rutile  needles  are 
of  interest  because  they  may  signify  the 
release  of  TiO,  upon  retrograde  trans¬ 
formation  from  a  higher  temperature 
assemblage  (DeVore,  1955). 

Hornblende  is  less  abundant  than  bio¬ 
tite.  It  occurs  characteristically  as 
ragged  prismatic  to  subhedral  grains 
that  are  strongly  pleochroic  (X  =  pale 
greenish-yellow,  Y  =  light  green,  Z  — 
bluish-green  or  dark  green).  Some  of 
the  larger  grains  may  contain  quartz 
blebs  and,  less  often,  subhedral  apatite. 
The  characteristic  alteration  is  to  epi- 
dote,  although  biotite,  chlorite  and  mag¬ 
netite  are  not  unusual. 

Muscovite  (including  sericite),  epi- 
dote,  allanite,  apatite,  sphene  and  zircon 
are  fairly  common  accessory  minerals 
whereas  magnetite,  hematite,  leucoxene, 
chlorite  and  garnet  are  less  common. 
Muscovite  occurs  in  sufficient  amounts 
in  some  of  the  more  sheared  rocks  to 
warrant  the  designation  “two  mica” 
gneiss.  Such  muscovite,  having  crys¬ 
tallized  late,  developed  in  part  by  re¬ 
placement  of  biotite  (it  is  often  inter- 
layered  with  biotite)  and,  in  part,  by 
forming  lepidoblastic  crystals  oblique  to 
foliation  and  cross-cutting  quartz,  feld¬ 
spar  and  biotite.  Sericite,  epidote-group 
minerals,  hematite,  leucoxene  and  chlo¬ 
rite  are  alteration  products  whereas 
magnetite,  apatite  and  sphene  are  as¬ 
sociated  with  mafic  varietals.  In  partic¬ 
ular,  sphene  and  especially  apatite  are 
associated  with  hornblende.  Leucoxene 
alteration  is  observed  only  on  sphene; 
hematite  most  commonly  is  on  the  mar¬ 
gins  of  magnetite  or  in  fractures  em¬ 
anating  from  magnetite.  Expansion 
cracks  usually  are  developed  in  plagio- 
clase  enclosing  metamict  allanite  grains. 

Pegamatite 

Megascopic  features.  —  Quartz-feld¬ 
spar  pegmatites  are  widespread.  Most 
pegmatites  contain  both  potassium  feld¬ 
spar  and  plagioclase;  potassium  feld¬ 
spar  is  more  abundant  although  a  few 
pegmatites  contain  plagioclase  to  the  ex¬ 
clusion  of  potassium  feldspar.  The  ratio 
of  feldspar  to  quartz  is  approximately 
1:1  but  often  is  higher,  especially  in 
pegmatites  that  are  dominantly  com¬ 
posed  of  microcline  perthite  and  quartz. 
Biotite,  magnetite  and  muscovite  are 
coarse  enough  to  be  recognized  in  the 
field  but  other  minor  constituents  were 


identified  in  thin  section.  A  pegmatite 
may  display  a  pink  color  owing  to  dis¬ 
seminated  hematite  but  pinkish-gray, 
light  gray  or  white  colors  are  more 
common. 

The  pegmatites  occur  either  as  planar 
bodies  or  irregularly-shaped  masses. 
Planar  pegmatites  may  cut  across  or 
trend  parallel  to  foliation.  Conformable 
planar  pegmatites  often  are  quite  thin, 
their  thickness  being  measured  in  inches' 
whereas,  cross-cutting  pegmatites  gen¬ 
erally  are  thicker,  sometimes  exceeding 
10  feet  although  most  are  less  than  1 
foot  thick.  Irregular,  massive  pegmatites 
appear  to  have  engulfed  the  country  rock 
inasmuch  as  they  contain  gneissic  rem¬ 
nants.  Planar  pegmatites  tend  to  have 
sharp  contacts  with  the  country  rock 
whereas  in  irregular  pegmatites  bound¬ 
aries  are  gradational.  Cross-cutting 
planar  pegmatites  commonly  exhibit 
very  sharp  contacts,  fine-grained  borders 
and  coarse-grained  central  zones.  Grain 
size  is  more  uniform  in  the  irregularly 
shaped  pegmatite  masses. 

Mineralogy  and  Textures.  —  Coarse 
granoblastic  texture  predominates  but 
locally  graphic  textures  have  developed. 
Some  microcline  perthite  crystals  are 
several  inches  long,  and  these  often  con¬ 
tain  discrete  quartz  grains  in  cunei¬ 
form  shapes  or  as  blebs.  In  some  cases 
quartz  and  feldspar  form  regular  inter¬ 
growths  of  rods  or  plates.  Generally, 
however,  quartz  and  feldspar  are  xeno- 
blastic.  Cataclastic  features  are  char¬ 
acteristic  in  quartz  and  plagioclase;  in 
two  examples  mortar  structure  was  ob¬ 
served. 

Quartz  is  generally  anhedral,  present¬ 
ing  serrate  or  sutured  borders  to  feld¬ 
spar  or  itself  forming  a  quartz  mosaic. 
Cataclastic  features,  invariably  shown 
by  quartz,  occur  most  commonly  as 
undulatory  extinction  but  deformation 
lamellae  were  noted  also. 

Plagioclase  generally  is  dusty  with 
sericite  alteration.  In  many  pegmatites 
bent  plagioclase  lamellae  testify  to  pre- 
tectonic  crystallization.  Pegmatite  pla¬ 
gioclase  is  generally  more  sodic  than 
plagioclase  of  the  gneisses  (albite  is 
characteristic  of  the  pegmatites,  oligo- 
clase  of  the  gneisses).  Rims  of  clear, 
more  sodic  albite  may  be  developed  and 
myrmekite  is  observed  on  the  border  of 
potassium  feldspar.  In  contrast  to  most 
plagioclase,  microcline  is  clear  and  un¬ 
strained  and  usually  perthitic. 

Minor  constituents  may  include  bio¬ 
tite,  magnetite,  hematite,  allanite,  epi- 
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dote,  clinozoisite,  muscovite,  hornblende, 
diopside,  apatite,  sphene,  leucoxene,  zir¬ 
con,  garnet,  calcite,  chlorite.  Such  con¬ 
stituents  locally  may  reflect  the  min¬ 
eralogy  of  the  country  rock:  pegmatites 
in  biotite  gneiss  contain  biotite,  pegma¬ 
tites  in  hornblende  gneiss  contain  horn¬ 
blende,  pegmatites  in  diopside  gneiss 
contain  diopside,  pegmatites  crossing 
amphibolites  rich  in  sphene  contain 
hornblende  and  sphene,  etc. 

Amphibolite 

Megascopic  features.  —  Amphibolites 
in  the  Horn  area  are  black  to  dark  grey 
or  black  and  white,  fine-  to  medium¬ 
grained  rocks  consisting  principally  of 
hornblende  and  plagioclase.  Locally, 
coarse-grained  patches  consisting  ex¬ 
clusively  of  hornblende  have  developed. 
In  some  occurrences  a  “salt-and-pepper” 
appearance  is  imparted  because  of 
scattered  plagioclase.  In  a  few  exposures 
quartzo-feldspathic  material  forms  con¬ 
formable  layers,  lenses  or  streaks;  in 
others  it  forms  cross-cutting  veins  in 
the  amphibolite.  At  one  locality,  am¬ 
phibolite  and  quartz-feldspar  veins  are 
highly  deformed.  The  over-all  appear¬ 
ance  suggests  that  the  amphibolite  was 
passively  rolled  in  the  surrounding, 
more  plastic  gneiss  by  the  action  of 
tectonic  transport. 

Amphibolite  generally  occurs  in  bodies 
too  small  to  be  mapped  but  with  three 
principal  habits:  (1)  as  conformable 
planar  layers;  (2)  as  conformable  pods 
or  lenses;  and  (3)  as  cross-cutting 
planar  bodies.  Conformable  planar  am¬ 
phibolite  is  abundant  in  the  mixed  rock 
sequence  (Fig.  2).  Only  one  conform¬ 
able  planar  amphibolite  was  mapped  but 
it  has  significance  because  it  serves  as 
a  key  horizon  for  structural  determina¬ 
tions.  Amphibolite  lenses  are  widespread 
throughout  the  gneiss  complex  although 
they  are  more  abundant  in  certain  zones. 
These  zones  are  parallel  to  foliation  in 
the  surrounding  rocks,  suggesting  that 
the  lenses  once  were  connected.  Only 
two  cross-cutting  planar  amphibolite 
bodies  were  observed,  both  north  of  the 
Tensleep-Beaver  Creek  fault  in  the 
northeast  part  of  Precambrian  exposure. 

Foliation  and  lineation  are  conspicu¬ 
ous.  The  former  is  marked  by  the  ar¬ 
rangement  of  hornblende  crystals  in 
layers,  or  by  the  segregation  of  the  min¬ 
erals  into  light  and  dark  layers,  where¬ 
as  lineation  is  often  evidenced  by 
aligned  crystals  of  hornblende.  Many 
of  the  massive  appearing  amphibolites 


show  foliation,  lineation,  or  both  when 
examined  in  thin  section. 

Mineralogy  and  textures.  —  Typical 
amphibolite  in  thin  section  has  fine-  to 
medium-grained  crystalloblastic  texture. 
Hornblende  is  nematoblastic,  either  lin- 
eated  or  decussate.  Plagioclase  is  usual¬ 
ly  xenoblastic,  ranging  in  composition 
from  An15  to  An4fi  but  sodic  andesine  is 
most  common.  Hornblende  generally  is 
altered  to  epidote  or  chlorite  (usually 
penninite)  or  both,  whereas  plagioclase 
generally  is  altered  to  sericite.  The 
hornblende  to  plagioclase  ratio  varies 
widely,  but  in  most  specimens  it  is 
slightly  greater  than  one.  Coarse  horn¬ 
blende  commonly  is  poikiloblastic.  Pleo- 
chroism  of  hornblende  is  commonly  X 
—  pale  greenish-yellow,  Y  =  light  green, 
Z  =  bluish-green  or  dark  green. 

Minor  consitituents  include  quartz, 
biotite,  sphene,  apatite,  diopside,  mag¬ 
netite,  microcline,  allanite,  and  garnet. 

Garnetiferous  and  related  rocks  asso¬ 
ciated  with  amphibolite.  —  Exposed  near 
the  center  of  the  mapped,  conformable 
amphibolite  in  Secs.  1  and  12,  T.  46  N., 
R.  84  W.  are  some  garnetiferous  and  re¬ 
lated  rocks,  which  indicate  the  composi¬ 
tion  of  the  rocks  prior  to  metamorpliism. 
Despite  poor  exposure,  garnetiferous 
gneiss  was  traced  discontinuously  for 
over  one-half  mile  as  an  apparently  con¬ 
formable  zone  (or  zones)  within  the 
amphibolite  body.  Related  rocks  were 
observed  in  a  more  restricted  area 
(swy4  SE1,4,  Sec.  1,  T.  46  N„  R.  84  W). 
Associated  with  garnetiferous  gneiss, 
but  in  much  smaller  amounts,  are  gar¬ 
netiferous  amphibolite,  garnet-quartz- 
cummingtonite  rock,  tremolite  schist 
and  gedrite  rock. 

The  garnetiferous  gneiss  has  a  rather 
complex  mineral  composition  including 
quartz,  calcic  oligoclase,  red-brown  bio¬ 
tite,  almandine,  cordierite,  sillimanite, 
magnetite,  hematite  and  epidote  and  is 
similar  to  kinzigite  of  European  petrol- 
ogists.  Foliation  is  defined  both  by  sub¬ 
parallel  orientation  of  lepidoblastic  bio¬ 
tite  flakes  and  by  a  tendency  for  the 
light  and  dark  constituents  to  be  segre¬ 
gated.  This  foliation  is  modified  by  large 
almandine  garnet  porphyroblasts  (di¬ 
ameters  range  from  a  few  millimeters 
to  over  two  centimeters).  Biotite  foliae 
were  thrust  apart  forcibly  by  the  grow¬ 
ing  garnet,  and  quartz  recrystallized  in 
the  pressure  shadows.  The  garnet  por¬ 
phyroblasts  are  more  noticeably  poikilo¬ 
blastic  at  their  centers  whereas  their 
margins  are  relatively  free  of  inclusions, 
suggesting  that  at  a  late  stage  of  growth 
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the  garnet  was  able  to  rid  itself  of  for¬ 
eign  material.  Both  biotite  and  cordie- 
rite  show  pleochroic  haloes.  Some  of  the 
cordierite  is  altered  to  “pinite.” 

In  sharp  contact  with  garnetiferous 
biotite  gneiss  is  a  reddish-brown,  hema¬ 
tite-stained  garnet-quartz  rock  the  tex¬ 
ture  of  which  superficially  resembles 
that  of  a  grit.  Under  the  microscope  a 
slightly  strained,  fractured,  coarse¬ 
grained  quartz  mosiac  is  seen  to  sur¬ 
round  and  include  xenoblastic,  poikilo- 
blastic,  and  fractured  medium-grained 
almandine  and  lesser  amounts  of  nema- 
toblastic,  fine-grained  cummingtonite. 
Sub-parallel  orientation,  in  discrete 
planes,  of  the  prismatic  cummingtonite 
gives  the  massive  appearing  rock  a  poor¬ 
ly  developed  lineation  and  scliistosity. 

Pale  green  and  red  mottled  tremolite 
schist  was  collected  in  the  locality  of  the 
garnet  rocks.  Schistosity  results  from 
planar  arrangement  of  fine-grained, 
nematoblastic  tremolite  and  poorly  de¬ 
veloped  lineation  is  imparted  by  sub- 
parallel  alignment  of  ampliiboles.  The 
green  and  red  colors  are  due,  respec¬ 
tively,  to  partial  alterations  of  tremolite 
to  chlorite  plus  talc  and  of  magnetite 
to  hematite. 

Purplish-red  gedrite  rock  also  is  as¬ 
sociated  with  the  garnetiferous  biotite 
gneiss.  The  gedrite,  an  aluminous  va¬ 
riety  of  anthophyllite,  is  asbestiform 
and  largely  altered  to  talc  and  lesser 
chlorite.  Prisms  of  gedrite  are  oriented 
perpendicular  to  schistosity. 

Amphibolites  adjacent  to  the  garneti¬ 
ferous  biotite  gneiss  also  are  garneti¬ 
ferous.  Foliation  in  these  amphibolites 
is  expressed  as  alternating  layers  of  very 
fine-  and  fine-  to  medium-grained  horn¬ 
blende,  quartz  and  andesine.  The  finer 
grained  layers  are  -  Vs  inches  thick 
whereas  the  coarser  grained  layers  may 
exceed  y2  inch.  Such  layers  show  a 
tendency  to  be  hornblende-rich  or  horn¬ 
blende-poor.  Hornblende-rich  layers  are 
modified  by  almandine  porphyroblasts 
which  are  rimmed  by  alteration  to  a 
complex  of  sericite,  penninite,  and  epi- 
dote. 

Marble  and  Calc-Silicate  Rock 

Carbonate  rocks  are  exposed  in  a 
relatively  narrow  conformable  zone 
(Fig.  2).  Except  for  the  northernmost 
exposure  shown  in  Figure  2  they  were 
investigated  by  Sargent  (1960)  and 
much  of  the  following  is  taken  from  his 
report. 


Foliated  calcite  marble.  —  This  rock 
is  generally  dark  blue  to  white,  having 
fine-  to  coarse-grained  granoblastic  tex¬ 
ture.  The  only  consistent  major  con¬ 
stituent  is  calcite,  although  magnetite- 
ilmenite,  diopside,  apatite,  garnet  (an- 
dradite)  and  plilogopite  occur  locally  in 
considerable  amounts.  Minor  constitu¬ 
ents  include  magnetite-ilmenite,  diop¬ 
side,  apatite,  garnet,  plilogopite,  epidote, 
tremolite,  rutile,  pyrite,  chondrodite,  al- 
lanite,  zircon,  quartz,  chlorite,  brucite 
and  antigorite.  Foliation  is  imparted 
by  lepidoblastic  plilogopite,  nemato¬ 
blastic  tremolite  or  flaser  structure  in 
calcite.  Deformation  in  the  marble  is 
evidenced  by  cataclastic  effects  in  cal¬ 
cite,  diopside  and  garnet. 

Quartzo-feldspathic  gneiss  and  pegma¬ 
tite,  calc-silicate  rock,  amphibolite,  felds- 
patliic  rock  and  magnetite-ilmenite  all 
form  thin  (usually  less  than  a  foot) 
interlayers,  lenses  or  pods  in  the  calcite 
marble.  Commonly,  the  interlayers  and 
lenses  are  gently  warped.  Contacts  be¬ 
tween  foliated  calcite  marble  and  calc- 
silicate  rocks  are  irregular  and  grada¬ 
tional,  whereas  contacts  of  calcite  mar¬ 
ble  with  the  other  rock  types  mentioned 
are  usually  sharp  and  regular. 

Calc-silicate  rock.  —  The  calc-silicate 
rocks  are  best  developed  adjacent  to  or 
enclosed  in  marble.  Major  constituents 
are  diopside  and  garnet  (andradite)  ; 
minor  consituents  include  allanite,  cal¬ 
cite,  epidote-clinozoisite,  hornblende,  ac- 
tinolite,  magnetite,  microcline,  plagio- 
clase  (albite-oligoclase) ,  sphene,  chlorite, 
quartz  and  zircon. 

Mixed  Rock  Sequence 

An  interlayered  sequence  of  banded 
amphibolites,  migmatitic  quartzo-felds¬ 
pathic  schists  and  gneisses  and  impure 
quartzites  was  distinguished  from  its 
contiguous  gneisses  for  the  following 
reasons:  (1)  rocks  in  the  sequence  are 
much  more  highly  differentiated  than 
elsewhere  in  the  gneiss  complex,  (2) 
banded  amphibolites  are  much  more 
abundant  than  elsewhere,  and  (3)  cata¬ 
clastic  effects  are  more  pronounced  and 
better  developed  within  the  sequence 
than  elsewhere. 

These  rocks  were  mapped  as  a  unit 
and  their  distribution  is  shown  in  Fig¬ 
ure  2.  Table  1  gives  the  succession  and 
thickness  of  the  exposed  rock  units 
within  the  sequence.  Youngest  (?)  rocks 
are  at  the  top. 
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Amphibolite.  —  Banded  amphibolite 
•comprises  nearly  half  of  the  exposed 
sequence.  Amphibolite  from  the  mixed 
rock  sequence,  in  general  possesses  a 
better  developed  foliation  than  does 
amphibolite  from  other  portions  of  the 
complex.  The  constituent  minerals  are 
variously  proportioned  in  distinct  lay¬ 
ers.  Typically,  fine-grained,  cataclas- 
tically  granulated,  andesine-quartz-horn- 
blende  layers  alternate  with  medium- 
grained,  hornblende-rich  layers.  Thin 
magnetite  layers  commonly  are  asso¬ 
ciated  with  hornblende-rich  layers. 
Quartz  and  plagioclase  are  granoblastic, 
whereas  hornblende  is  nematoblastic 
and  may  be  aligned  to  yield  a  lineation. 
Some  specimens,  namely,  the  “feather 
amphibolites,”  contain  aggregates  of 
porpliyroblastic  hornblende  which  poikil- 
oblastically  includes  quartz,  plagioclase 
and  hornblende,  and  which  are  flattened 
in  decussate  arrangement  on  foliation 
planes.  Epidote-clinozoisite,  zoisite  and 
chlorite  are  alteration  products  of  horn¬ 
blende,  and  plagioclase  is  often  altered 
to  sericite  or  sericite  and  epidote;  how¬ 
ever,  the  alteration  is  not  uniform.  Some 
samples  are  fresh  throughout,  whereas 
others  appear  severely  altered.  Even 
within  a  single  thin  section,  altered 
layers  may  alternate  with  relatively 
fresh  layers. 

Over-all  mineralogy  generally  is  like 
that  of  the  previously  described  amphi¬ 
bolite  elsewhere  in  the  complex,  al¬ 
though  one  specimen  departs  from  the 
usual  in  that  it  contains  abundant  bio- 
tite  and  quartz;  it  might  better  be 
termed  biotite-hornblende-quartz  gneiss. 
Coarse,  euhedral,  black  tourmaline  was 
found  within  a  quartz-feldspar  segrega¬ 
tion  contained  in  an  amphibolite  from 
this  mixed  rock  sequence. 

Quartzo-feldspathic  schist  and  g?ieiss. 
—  These  rocks  are  similar  to  the  lep- 
tites  of  Scandinavian  petrologists.  Prin¬ 
cipal  minerals  are  quartz,  plagioclase, 
microcline  and  biotite  but  there  is  con¬ 
siderable  variation  in  the  proportions. 
At  one  extreme  is  quartz-biotite  schist  or 
biotitic  quartzite.  With  more  plagio¬ 
clase  the  rock  is  called  quartz-plagio- 
clase  schist.  The  name,  quartzo-feldspa¬ 
thic  biotite  schist,  is  applied  when 
microcline  becomes  a  more  important 
constituent.  With  increasing  grain  size, 
muscovite  becomes  prominent  and  the 
rocks  may  be  called  quartzo-feldspathic 
“two-mica”  gneiss.  Quartzo-feldspathic 
veins  and  lenses  are  abundant  enough 
in  some  quartz-feldspar-biotite  schists  to 


warrant  use  of  the  term  migmatite. 
Ptygmatic  folding  is  well  shown  in  some 
migmatites. 

Textural  relations  of  the  constituent 
minerals  are  similar  to  those  in  the 
gneisses  described  previously.  Micro¬ 
cline  replaces  plagioclase  and  muscovite 
replaces  biotite,  usually  post-tectonical- 
ly;  however,  in  some  examples  from  the 
mixed  rock  sequence,  both  microcline 
and  muscovite  are  cataclastically  de¬ 
formed  and  fractured.  In  other  cases 
the  usual  situation  prevails,  that  is, 
clear,  undeformed  microcline  replaces 
cloudy,  deformed  plagioclase. 

Cataclastic  features  are  abundant  in 
these  rocks.  Undulatory  extinction,  bent 
plagioclase  cleavage  and  twin  units  are 
nearly  always  present.  In  an  extreme 
case,  coarser  quartz  and  feldspar  grains 
form  lenses  around  which  granulated 
quartz  and  feldspar  and  micaceous  ma¬ 
terial  appears  to  flow  in  anastamosing 
streams.  Such  rocks  are  termed  augen 
gneisses.  In  two  locations  pliyllonites 
were  observed.  The  massive  appearing, 
resistant  quartzo-feldspathic  unit  at  the 
base  of  the  sequence  was  called  a 
“granite  sill”  in  the  field,  but  in  thin 
section  this  rock  shows  a  well-developed 
mortar  structure.  Thus  cataclastic  fea¬ 
tures  are  varied  and  abundant  in  the 
mixed  rock  sequence.  Banded  quartz- 
hematite  schist  and  impure  quartzite. — 
These  rocks  were  found  at  two  localities 
within  the  mixed  rock  sequence.  The 
localities  are  stratigraphically  separated 
by  more  than  300  feet,  and  only  a  few 
feet  of  quartz-hematite  rock  is  poorly 
exposed  in  test  pits  at  each  place. 

Banded  quartz-amphibole  rocks  are  as¬ 
sociated  with  the  ferruginous  quartzites. 
The  quartz-hematite  schist  consists  of 
alternating  %  -  iV  inch  bands  of  quartz 
and  hematite.  Flakes  of  hematite  are 
dispersed  throughout  the  quartz  bands, 
and  small  amounts  of  fine  quartz  (chal¬ 
cedony?)  occur  within  the  hematite 
bands,  but  the  segregation  is  marked. 
Grunerite  is  a  minor  constituent.  Mag¬ 
netite  also  occurs  within  the  hematite 
bands. 

A  thin  section  of  hematite-stained 
quartzite  consisted  of  a  fine-to  medium¬ 
grained  quartz  mosaic  in  which  very 
fine-grained,  accessory  hornblende,  cum- 
mingtonite,  garnet,  biotite  and  magne¬ 
tite  are  arranged  in  planes.  The  quartz 
grains  have  sutured  boundaries,  and 
their  long  dimension  tends  to  parallel 
the  planes  of  accessory  minerals  which 
are  preserved  to  denote  relict  stratifica¬ 
tion. 
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Facies  Classification  and 
Conditions  of  Metamorphism 

According  to  Read  (1952,  p.  7), 
traces  of  regional  metamorphism 
may  be  preserved  in  resister  rocks 
which  may  be  used  to  reconstruct 
the  metamorphic  facies  before 
granitization.  Resister  rocks  are 
those  extreme  chemical  types  which 
require  a  great  expenditure  of  en¬ 
ergy  and  metasomatic  action  to 
convert  them  to  granite.  In  the 
Horn  area,  resister  rocks  include 
amphibolite,  marble,  calc-silicate 
rock  and  quartzite.  Because  of  the 
wide  stability  range  of  quartz,  the 
quartzites  are  of  little  use  in  deter¬ 
mining  metamorphic  facies ;  how¬ 
ever,  the  mineral  assemblages  of 
amphibolite  and  carbonate  rocks  al¬ 
low  an  accurate  interpretation  of 
metamorphic  facies.  The  critical  as¬ 
semblages  are  as  follows : 

Amphibolite 

Hornblende-plagioclase-epidote 

(quartz-biotite) 

Hornblende-plagioclase-almandine- 
epidote  (quartz-biotite) 
Hornblende-plagioclase-epidote 
(diopside-quartz) 

Galcite  marble  (after  Sargent,  1960) 
Calcite-diopside-phlogopite 
Calcite-diopside-tremolite 
(cliondrodite-olivine) 
Calcite-tremolite-phlogopite  (epidote- 
chondrodite-oli  vine ) 

Gale-silicate  rock  ( after  Sargent,  1960) 
Calcite-diopside-garnet-epidote 
( -tremolite-plagioclase ) 
Calcite-diopside-epidote-plagioclase 
Diopside-hornblende-epidote-tremolite 

These  are  believed  to  be  equilib¬ 
rium  assemblages  of  the  staurolite- 
quartz  subfacies  of  the  almandine 
amphibolite  facies  (Fyfe,  Turner 
and  Yerhoogen,  1958,  p.  229). 
Metamorphism  in  almandine- 
amphibolite  facies  covers  a  tempera¬ 


ture  range  of  perhaps  550°  to  750° 
C.,  and  pressures  normally  between 
4,000  and  8,000  bars  (Turner  and 
Yerhoogen,  1960,  p.  553).  The  prev¬ 
alence  of  amphiboles  and  micas  in¬ 
dicates  high  water  pressures. 

Disequilibrium  assemblages  were 
also  observed  in  the  Horn  area. 
High-grade  metamorphic  assem¬ 
blages  commonly  show  local  or  par¬ 
tial  replacement  by  low-grade  as¬ 
semblages. 

The  following  reactions  have  oc¬ 
curred  : 

plagioclase  — >  epidote,  sericite,  kaoli- 
nite  and  more  sodic  plagioclase 
diopside— »amphibole 
amphibole— >chlorite  epidote,  biotite 
cummingtonite-^talc,  chlorite 
gedrite— »talc,  chlorite 
grunerite— ^hematite,  silica 

Such  reactions  are  believed  to  oc¬ 
cur  during  cooling  following  the 
main  high-temperature  phase  of 
metamorphism.  The  modern  inter¬ 
pretation  holds  that  these  reactions 
are  limited  by  the  lack  of  water, 
which  was  driven  away  during  the 
high-temperature  phase.  The  neces¬ 
sary  water  could  only  become  avail¬ 
able  by  diffusion  inward  from  some 
external  source  (Turner  and  Yer¬ 
hoogen,  1960,  p.  505).  In  the  Horn 
area,  minerals  characteristic  of  a 
lower  facies  commonly  occur  in 
rocks  strongly  affected  by  cataclasis. 
This  suggests  that  reaction  rates 
were  faster  in  cataclastically  gran¬ 
ulated  materials  and  that,  perhaps, 
the  influx  of  the  necessary  water 
was  guided  by  the  granulated  zones. 

Petrogenesis 

The  occurrence  of  thin,  conform¬ 
able  rock  layers  of  undoubted  sedi¬ 
mentary  parentage  (e.g.,  marble. 
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quartzite  and  banded  quartz-hema¬ 
tite  schist)  intimately  associated 
and  intercalated  with  gneiss  and 
amphibolite  strongly  suggests  that 
the  entire  gneiss  complex  was  initial- 
137  of  supracrustal  origin.  Schistos- 
ity,  as  well  as  mineralogical  and 
lithological  layering  are  conform¬ 
able  throughout  the  complex;  cross¬ 
cutting  pegmatites  are  the  only  ex¬ 
ception.  Furthermore,  on  the  scale 
of  the  whole  area,  these  features 
form  a  tightly  folded,  complex  anti¬ 
cline.  The  ghost  stratigraphy,  re¬ 
vealed  by  resister  rocks,  and  the 
large-scale  lithologic  architecture 
are  difficult  to  explain  unless  these 
rocks  represent  transformed  and 
partially  granitized  supracrustal 
rocks.  A  discussion  of  the  origin  of 
specific  rock  t3^pes  follows: 

Granitic  gneiss.  —  Additional  cri¬ 
teria  favoring  an  origin  b3^  regional 
metamorphism  and  granitization  of 
supracrustal  rocks  for  the  gneisses, 
in  particular,  include:  (1)  the  oc¬ 
currence  of  accessory  rounded  zir- 

t/ 

cons  in  the  gneiss,  and  (2)  the  band¬ 
ed  nature  of  much  of  the  gneiss. 

Although  detailed  zircon  studies 
were  not  attempted,  observation  of 
thin  sections  suggests  that  the  round¬ 
ed  zircons  are  sedimentary  relics. 
Ecklemann  and  Polclervaart  (1957, 
p.  1242-1244)  made  detailed  zircon 
studies  of  metamorphic  rocks  of  the 
Beartooth  Mountains  which  are  sim¬ 
ilar  in  many  respects  to  the  rocks 
of  the  Horn  area.  They  concluded 
(1957,  p.  1250):  “The  high  per¬ 
centages  of  rounded  zircons  in  all 

the  rocks  favor  their  sedimentary 

«/ 

origin.  ’  ’ 

In  regard  to  the  genetic  signif¬ 
icance  of  banded  gneisses,  the  follow¬ 


ing  conclusions  of  Dietrich  (I960, 
p.  99)  are  important: 

“The  banding  of  nearly  all  banded 
gneisses  reflects  directly  or  reflects 
formation  controlled  by  supracrustal 
layering. 

“.  .  .  presently  observable  banding 
of  many  banded  gneisses  is  probably 
hybrid  in  that  after  it  was  formed 
originally  it  was  subsequently  modi¬ 
fied  (commonly  accentuated)  as  the 
result  of  differential  anatexis,  permea¬ 
tion,  metamorphic  differentiation,  dif¬ 
ferential  cataclasis,  or  some  combina¬ 
tion  of  such  processes.” 

It  is  possible  that  the  sedimentary 
parent  of  the  quartzo-feldspathic 
gneiss  was  an  argillaceous  or  pelitic 
rock.  The  chemical  compositions  of 
argillites  and  granites  are  not  vastly 
different  and,  according  to  Misch 
(1949,  p.  226)  the  addition  of  alkali 
and  some  silica  will  transform  argil¬ 
lite  into  a  rock  of  granitic  composi¬ 
tion.  Evidence  will  be  introduced 
later  which  supports  this  suggestion. 

Pegmatite.  —  Ramberg  (1952,  p. 
248)  considers  pegmatitization  to  be 
a  phase  of  granitization ;  pegmatites 
observed  in  the  Horn  area  conform 
to  his  genetic  classification. 

Most  of  the  Horn  area  pegmatites 
are  the  replacement  (non-dilation) 
pegmatites  of  Ramberg  (1952).  Cri¬ 
teria  for  recognition  of  replacement 
dikes  were  discussed  b}7  Goodspeed 
(1940).  Evidence  of  a  replacement 
origin  for  many  of  the  Horn  peg¬ 
matites  includes:  (1)  lack  of  offset 
of  the  gneissic  layers  on  either  side 
of  cross-cutting  pegmatites  (Fig. 
8.),  (2)  relation  of  pegmatite- 

country  rock  mineralogy  (p.  246), 
(3)  external  rim  of  ferromagnesian 
minerals  (Fig.  4.),  (4)  undisturbed 
inclusions  and  relics  of  wall  rock 
structure,  and  (5)  variations  in 
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Figure  3.  —  Non-dilation  pegmatite 
cutting  across  banded  gneiss.  Note  the 
lack  of  offset  in  the  gneissic  bands. 


Figure  4.  —  Pegmatite  with  basic  rim 
of  dark  minerals  that  presumably  repre¬ 
sents  Fe,  Mg  and  Ca  originally  distrib¬ 
uted  in  the  space  occupied  by  the  peg¬ 
matite  but  now  displaced  by  Si,  K  and 
Na. 


Figure  5.  —  Pegmatite  exhibiting 
variation  in  width,  fine-grained  bound¬ 
aries,  a  coarse  quartz-rich  core,  and 
reaction  zone  in  the  country  rock. 

width  (Fig.  5.).  The  fact  that  sev¬ 
eral  cross-cutting  pegmatites  have 
sharp,  fine-grained  borders  and 
coarse-grained  quartz-rich  cores  sug¬ 


gests  that  these  characteristics  are 
not  exclusively  those  of  magmatic 
dikes  or  else  that  these  represent  an 
extreme  case  where  pegmatite  fluids 
were  evolved. 

Amphibolite.  —  Ortho-amphibolite 
occurs  only  north  of  the  Tensleep- 
Beaver  Creek  fault  where  two  cross¬ 
cutting,  intersecting  amphibolite 
bodies  were  mapped.  In  addition  to 
field  relations,  thin  section  study  re¬ 
vealed  blastophitic  texture  to  fur¬ 
ther  indicate  a  magmatic  origin  for 
these  bodies.  Thus,  diabase  ( ?)  dikes 
were  intruded  prior  to  the  regional 
metamorphism  in  the  Precambrian 
rocks  now  exposed  north  of  the 
Tensleep-Beaver  Creek  fault. 

In  the  remainder  of  the  area,  con- 
formability  and  foliation  suggest 
para-amphibolite.  From  the  avail¬ 
able  data  the  writer  is  unable  to 
discern  whether  the  amphibolite  was 
derived  from  thoroughly  recrystal¬ 
lized  matatuffs  or  metasediments. 
It  is  possible  that  conformable  am¬ 
phibolite  represents  former  sills  or 
flows  of  mafic  composition. 

The  absence  of  cross-cutting 
quartz-diabase,  and  quartz-gabbro 
dikes  in  the  area  south  of  the  Ten¬ 
sleep-Beaver  Creek  fault  is  in  sharp 
contrast  to  the  situation  further 
north  in  the  Bighorns  where  these 
are  prominent  (Hoppin,  1961;  L.  0. 
Williams,  personal  communication). 

Carbonate  rock.  —  Sargent  (1960, 
p.  Ill)  suggests  that  the  parent  rock 
of  calcite  marble  was  a  somewhat 
impure  dolomitic  limestone,  and 
upon  metamorphism  the  magnesium 
became  fixed  in  phlogopite,  diopside, 
chondrodite  and  forsterite.  Miscli 
(1949,  p.  236-237)  reports  a  similar 
occurence  of  thin  marble  layers  in 


Bighorn  Mountains,  Wyoming 


253 


a  regionally  metamorphosed  terrain 
of  the  northwest  Himalayas. 

The  calc-silicate  rocks  include 
types  intermediate  in  composition 
between  marble  and  quartzo-felds- 
pathic  gneiss.  Sargent  (1960,  p. 
108)  suggests  that  they  may  repre¬ 
sent  calcereous  argillites  or  argil¬ 
laceous  limestones  (dolomites). 

Garnet  if  erous  rock.  —  The  garne- 
tiferous  rocks,  being  conformably 
enclosed  in  an  amphibolite  “resis¬ 
ter7’,  were  well  shielded  from  alkali 
metasomatism.  Thus  the  garnetif- 
erous  gneiss  may  reveal  the  chem¬ 
ical  composition  of  the  sedimentary 
rock  prior  to  granitization.  The 
pelitic  mineral  assemblage  described 
for  the  garnetif erous  gneiss  (kinzi- 
gite)  is  strong  evidence  supporting 
the  notion  that  the  quartzo-feld- 
spathic  gneisses  were  derived  from 
argillaceous  rocks.  Alkali  metasoma¬ 
tism  of  argillites  will  form  potash 
and  soda  feldspars  with  pure  alum¬ 
inum  silicates  becoming  an  unstable 
phase. 

The  gedrite  and  cummingtonite 
rocks  associated  with  the  garnetif- 
erous  rocks  probably  resulted  from 
local  Mg-Al  metasomatism. 

Banded  quartz-hematite  schist.  — 
Accessory  hornblende,  cummington¬ 
ite,  garnet  and  magnetite  (ar¬ 
ranged  in  planes)  have  been  de¬ 
scribed  previously  and  interpreted 
as  marking  relict  stratification 
planes  in  quartzite.  These  acces¬ 
sories  are  believed  to  represent,  not 
relict  heavy  minerals,  but  ferrugin¬ 
ous,  calcareous,  aluminous  impur¬ 
ities  in  a  very  fine-grained  siliceous 
sediment  (chert  or  siliceous  lutite). 
The  quartzite  and  associated  quartz- 


hematite  schists  are  believed  to  have 
originated  in  the  following  way. 

High-grade  regional  metamor¬ 
phism  of  chert -side  rite,  chert  - 
greenalite  or  intercalated  Fe,  Mg 
—rich  clay  and  siliceous  lutite 
yielded  a  quartz-magnetite-grun- 
erite  layered  rock.  Later  oxidation 
by  hydrothermal  ( ?)  solutions  caused 
magnetite  to  go  to  hematite  and 
grunerite  to  go  to  hematite  plus 
silica.  The  occurrence  of  a  chalce¬ 
dony  vein  with  combstructure  in  a 
hematite-rich  band  is  further  indi¬ 
cation  of  late  hydrothermal  ( ? )  ac¬ 
tion.  The  effects  of  the  oxidizing, 
hydrothermal  (?)  solutions  were  very 
minor,  being  recognized  only  in  these 
rocks.  The  age  of  this  event  can 
only  be  given  as  post-metamorphism. 

Summary  of  petro genesis.  —  (1.) 
Supracrustal  rocks,  dominantly  ar¬ 
gillaceous  but  locally  siliceous,  cal¬ 
careous,  magnesian  or  ferruginous, 
were  deposited.  Volcanic  layers  prob¬ 
ably  were  intercalated  with  sedi- 
mentary  layers.  (2.)  Regional  meta- 
morpliism  with  synkinematic  neo¬ 
crystallization  and  recrystallization 
in  amphibolite  facies  formed  com¬ 
plexly  folded  high-grade  metamor- 
pliic  rocks.  (3.)  Alkali  metasoma¬ 
tism  was  a  late  phase  of  the  regional 
metamorphism  and  culminated  in 
pegmatitization.  Such  rocks  as  am¬ 
phibolite,  marble,  calc-silicate  rock 
and  quartzite  were  relatively  un¬ 
affected  by  this  metasomatism.  (4.) 
The  last  phase  of  regional  metamor¬ 
phism  selectively  formed  rocks  of 
greenscliist  facies.  The  reactions  are 

believed  to  have  been  influenced  by 

«/ 

such  factors  as  pH20  and  pC02 

which  in  turn  were  controlled  by 

•/ 

cataclastic  features. 
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Table  —  Succession  and  thickness 
of  rock  units  in  the  mixed  rock  sequence. 


ROCK  TYPE 

THICKNESS 

(feet) 

Banded  amphibolite  .  35 

Banded  “feather  amphibolite”  ...  12 

Biotitic  quartzite  .  12 

Conformable  quai  tz-plagioclase 

pegmatite  .  3 

Micaceous  quartzite  with  lenses  of 
pegmatitic  quartz,  albite  and 

muscovite  .  14 

Garnetiferous  quartz-plagioclase- 

biotite  schist  .  6 

Banded  amphibolite  .  17 

Quartzo-feldspathic  biotite  schist.  42 

“Feather  amphibolite”  .  10 

Quartz-plagloclase-biotite  schist.  .  15 

Covered  .  6 

Quartzo-feldspathic  biotite  schist.  5 

Covered  .  36 

Banded  amphibolite  interlayered 

with  chlorite  schist  .  300 

Coarse  biotite-oligoclase  rock  with 
minor  almandite,  quartz  plagio- 
clase  biotite  schist  and  banded 
quartz-hematite  schist  (poorly 


exposed)  .  30 

Micaceous  quartzo- feldspathic 
gneiss  with  minor  interlayers 

of  banded  amphibolite .  120 

Quartz-biotite  amphibolite .  18 

Micaceous  quartzo  - feldspathic 
gneiss  interlayered  with  quartz- 

biotite  schist  .  76 

Covered  .  126 

Quartzitic  rocks  including  banded 
quartz- hematite  schist,  and 


banded  quartz-ampliibole,  horn¬ 


blende,  cummingtonite-gruner- 

ite,  actinolite  (?)  rock .  8 

Covered  .  116 

Quartzo-feldspathic  rock  with  mor¬ 
tar  structure  .  1 
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DIGITARIA  SANGUINALIS  IN  SOUTH  AMERICA 
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Abstract. — The  distribution  of  the 
north  temperate  species  Digitaria  san¬ 
guinalis  (L.)  Scop,  is  extended  to  south¬ 
ern  South  America  with  its  tropical 
equivalent,  Digitaria  adscenclens  (HBK.) 
Henrard,  occurring-  further  north.  This 
study  also  reveals  that  there  is  a  strong 
correlation  between  the  average  winter 
temperature  and  the  distribution  of 
these  two  species.  Furthermore,  in  the 
region  of  overlap  an  occasional  inter¬ 
mediate  plant  is  found. 

At  present  the  common  crabgrass 
Digitaria  sanguinalis  (L.)  Scop,  is 
considered  to  be  restricted  to  the 
temperate  regions  of  the  northern 
hemisphere  and  to  southern  Africa 
with  its  morphological  similar 
counterpart,  D.  adscenclens  (HBK.) 
Henrard,  occurring  in  the  tropical 
and  subtropical  regions  (Henrard, 
1950).  Recently  a  few  collections 
of  D.  sanguinalis  from  Argentina 
were  found  among  specimens  of  D. 
adscenclens.  Due  to  this  distribu¬ 
tion  a  more  thorough  study  seemed 

necessary  to  determine  whether  a 
«/ 

chance  introduction  of  D.  sanguinalis 
had  occurred  or  whether  a  well 
established  population  existed  in 
southern  South  America. 

Materials  and  Methods 

The  basis  of  this  study  was  herbarium 
material  ,and  more  than  100  collections 
from  South  America  were  examined. 
The  herbarium  specimens  were  sepa¬ 
rated  into  two  groups  using  the  char¬ 
acteristics  outlined  by  Henrard  (1950). 
Finally,  the  data  were  arranged  in  the 
form  of  a  scatter  diagram,  and  the  col¬ 
lections  examined  were  plotted  on  a  map 
to  show  the  geographic  distribution. 


Discussion  Results 

Morphological  analysis.  In  gen¬ 
eral  growth  habit,  Digitaria  sangui¬ 
nalis  and  D.  adscenclens  are  strik¬ 
ingly  similar.  Digitaria  sanguinalis, 
however,  has  a  second  glume  half 
as  long  as  the  spikelet,  spicules  on 
the  nerves  of  the  sterile  lemma,  and 
cauline  leaves  heavily  pubescent  on 
both  surfaces  with  papillose-based 
hairs.  Typical  D.  adscenclens,  in 
contrast,  has  a  second  glume  that 
is  about  two-thirds  to  three-fourths 
as  long  as  the  spikelet,  no  spicules 
and  glabrous  cauline  leaves. 

A  preliminary  morphological  ex¬ 
amination  indicated  that  the  above- 
mentioned  characters  could  be  used 
to  separate  these  two  species  in 
South  America.  The  data  derived 
from  this  study  were  plotted  on  a 
scatter  diagram  similar  to  that  de¬ 
scribed  by  Ebinger  (1962).  Two 
definite  groups  were  found  on  the 
graph,  one  representing  Digitaria 
adscendens,  the  other  I),  sangui¬ 
nalis.  Between  these  two  groups 
were  plants  intermediate  with  re¬ 
spect  to  the  length  of  the  spikelets 
and  second  glume.  In  this  part  of 
the  graph,  the  specimens  differed 
completely  in  the  traits  of  spicules 
and  leaf  pubescence.  Such  plants 
probably  represent  hybrids  between 
the  two  species. 

Geographic  distribution.  The  re¬ 
sults  of  the  morphological  analysis 
were  plotted  on  a  map  (Figure  1) 


[  255 


256  Transactions  Illinois  Academy  of  Science 


guinalis  in  southern  South  America. 

to  determine  whether  each  species 
had  a  distinct  geographic  range.  On 
this  map  eaeli  circle  or  square  rep¬ 
resents  a  single  specimen.  A  square 
indicates  that  the  length  of  the  sec¬ 
ond  glume  was  less  than  1.6  mm  long 
while  a  circle  indicates  that  the 
second  glume  was  longer  than  1.6 
mm.  A  long  bar  radiating  to  the 
left  indicates  that  there  are  spicules 
all  along  the  nerves  of  the  sterile 
lemma,  while  a  short  bar  indicates 


that  a  few  spicules  are  found  on 
the  lemma  nerves  near  the  tip.  A 
long  bar  radiating  to  the  right  indi¬ 
cates  that  the  cauline  leaves  are 
pubescent  throughout  on  the  upper 
and  lower  surfaces,  while  a  short 
bar  indicates  that  a  few  hairs  are 
present,  usually  on  the  lower  sur¬ 
face  near  the  base  of  the  blade. 

It  seems  significant  that  Digitaria 
sanguinalis  (represented  by  squares 
with  two  long  bars)  is  common 
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throughout,  Uruguay,  central  Ar¬ 
gentina  and  all  of  Chile  while  D. 
adscendens  (represented  by  circle 
without  bars)  is  very  common  fur¬ 
ther  north.  Numerous  specimens  of 
this  species  were  found  in  Brazil, 
Paraguay,  Bolivia,  and  northern 
Argentina.  The  circles  with  bars 
radiating  from  them  and  the  squares 
without  bars  or  short  bars  show 
various  degrees  of  intermediacy  be¬ 
tween  the  two  species. 

Most  of  these  intermediate  types 
are  similar  to  D.  adscendens,  dif¬ 
fering  only  in  having  papillose-based 
hairs  on  the  culm  leaves  (line  radi¬ 
ating  to  the  right).  These  plants 
which  are  common  in  northern  Ar¬ 
gentina,  southern  Brazil  and  Urguay 
may  indicate  gene  flow  between  the 
two  species.  However,  due  to  the 
total  exclusion  of  I),  sanguinalis  in 
some  of  these  areas,  it  is  also  pos¬ 
sible  that  this  character  represents 
normal  variation  within  D.  adscen¬ 
dens.  It  should  be  mentioned  that 
the  frequency  of  pubescent  culm 
leaves  is  less  in  the  members  of  this 
species  found  in  northern  South 
America.  The  remaining  character¬ 
istic  (spicules)  seems  to  indicate  in- 
trogression  of  characters  between 
the  two  species.  Plants  with  this 
characteristic  are  almost  exclusively 

t/ 

restricted  to  the  geographic  region 
of  overlap,  which  includes  Uruguay 
and  the  central  and  northern  part 
of  Argentina.  Such  specimens  are 
difficult  to  place  taxonomically  and 
probably  represent  hybrids. 

Factors  responsible  for  species 
distribution.  Because  the  two  spe¬ 
cies  can  be  separated  and  since  each 
has  a  distinct  geographic  range,  an 
attempt  was  made  to  determine  what 
factors  were  responsible  for  this 


distribution.  The  only  phenomenon 
with  which  geographic  distribution 
could  be  correlated  was  tempera¬ 
ture.  The  northern  limit  of  Digi¬ 
taria  sanguinalis  in  South  America 
is  the  region  in  which  the  average 
July  temperature  is  about  45°  to 
50°  F.  Byers  (1959)  shows  these 
isotherms  extending  through  south¬ 
ern  Uruguay  and  central  Argentina 
which  is  the  region  in  which  the  in¬ 
termediate  plants  were  found.  Al¬ 
though  these  isotherms  also  extend 
through  central  Chile,  no  specimens 
of  D.  adscendens  or  intermediate 
plants  were  found  in  the  northern 
part  of  this  country. 

It  is  interesting  to  note  that  the 
distribution  of  Digitaria  adscendens 
and  D.  sanguinalis  in  North  Amer¬ 
ica  is  correlated  with  the  45°  to 
50°  F.  January  isotherms.  On  a 
distribution  map  of  these  two  spe¬ 
cies  (Ebinger,  1962),  D.  sanguinalis 
is  found  to  the  north  of  these  iso¬ 
therms  while  D.  adscendens  occurs 
to  the  south.  Along  the  region  of 
overlap  many  intermediate  plants 
are  found. 

No  attempt  was  made  to  determine 
the  distribution  of  these  two  species 
in  Africa.  Chippindall  (1955), 
however,  mentions  that  I),  adscen¬ 
dens  is  confined  to  the  north  and 
eastern  parts  of  the  Union  of  South 
Africa  while  D.  sanguinalis  is  found 
in  the  southern  and  western  regions. 
He  further  states  that  a  few  plants 
from  the  north-eastern  Cape  are 
somewhat  intermediate  between 
these  two  species.  The  mean  sur¬ 
face  isotherm  map  (Byers,  1959) 
shows  that  the  average  July  tempera¬ 
ture  for  South  Africa  is  between 
50°  and  60°  F.,  much  warmer  than 
that  found  where  D.  sanguinalis  oc- 
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curs  in  the  western  hemisphere.  The 
map  further  shows  that  the  tempera¬ 
tures  in  the  eastern  and  northern 
parts  of  South  Africa  are  warmer 
by  almost  10  degrees  than  those 
found  in  the  southern  and  western 
parts.  This  temperature  variation 
is  probably  responsible  for  the  dis¬ 
tribution  of  />.  sanguinalis  in  this 
part  of  South  Africa. 

Conclusion 

There  is  a  strong  correlation  be¬ 
tween  the  45°  and  50°  F.  isotherms 
and  the  distribution  of  Digit  aria 
sanguinalis  and  />.  adscendens  in 
South  America.  Dig  it  aria  adscen- 
dens  occurs  to  the  north  of  these 
isotherms  and  D.  sanguinalis  to  the 
south.  In  the  region  of  overlap  (be¬ 
tween  the  45°  and  50°  F.  isotherms) 
some  intermediate  plants  occur. 
Both  parental  species  are  also  com¬ 
mon  in  the  overlap  region  which 
shows  that,  in  spite  of  probable  hy¬ 
bridization,  there  has  been  little 
tendency  toward  the  amalgamation 
of  these  two  species.  This  indicates 
that  at  least  a  partial  sterility  bar¬ 
rier  exists,  or  that  other  factors  are 
preventing  excessive  hybridization 
and  backcrossing. 
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2662 ,  2796,  8829,  7140. 

BOLIVIA:  Britton  &  Rusby  264;  0. 
Buchtien  418,  444,  8654,  5818,  6489,  6440, 
7126;  A.  S.  Hitchcock  22606,  22839; 
H.  H.  Rusby  245,  675;  J.  Steinbach  1978, 
6839,  6848,  7057. 

BRAZIL:  Agnes  Chase  10066,  10168, 
10756,  11311;  F.  C.  Hoehne  241;  C. 

Jurgens  3;  C.  A.  Lindman  1335;  F.  C. 
Paulo  241 ;  B.  Rambo  30771,  40660,  40979; 
E.  Raupp  125,  174,  784,  217 ;  Reitz  & 
Klein  698,  3104;  B.  Rosengurtt  3303, 
3308,  3350,  3420;  Smith  &  Reitz  97 44.; 
A.  P.  Viegas  2150. 

PARAGUAY:  P.  Jorgensen  3548, 

4100 ;  T.  Rojas  12597,  13003,  13842, 

1 3863;  B.  Rosengurtt  5498,  5625,  5752. 

URUGUAY:  W.  Herter  18822;  B. 

Rosengurtt  4957,  5141 ,  5707. 

Digitaria  sanguinalis  (L.)  Scop. 

ARGENTINA:  0.  Paci  652;  R.  A. 

Ruiz  Leal  2839;  A.  G.  Schulz  6089. 

CHILE:  0.  Buchtien  109;  H.  Gun- 

ckel  5811;  A.  S.  Hitchcock  22936;  L. 
Jorquera  (IS  Feb  1949);  C.  Joseph  934, 
2337,  3361 ;  R.  A.  Philippi  376. 

URUGUAY:  Berro  3311,  5033,  7322, 

7872;  W.  Herter  68142;  Eva  M.  March 
52;  B.  Rosengurtt  1508,  7716. 


Specimens  Intermediate 
Between  the  Two  Species 

ARGENTINA:  0: Donnell  &  Rodriquez 
(12  Mar  1944);  J-  M-  Rodriquez  39157; 
T.  Stuckert  69. 

BRAZIL:  Reitz  &  Klein  2783. 
URUGUAY:  W.  A.  Archer  4076;  W. 
Herter  99487. 
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Abstract.  —  Specific  combinations  of 
mutant  strains  in  C ephalosporium  myco- 
philum  form  “balanced”  heterocaryons 
from  which  heterocaryotic  and  proto¬ 
trophic  liyphal  tips  may  be  isolated. 
The  competitive  advantage  exhibited  by 
somatic  diploid  mycelium  in  previously 
investigated  “unbalanced”  heterocaryons 
was  also  observed  in  the  “balanced” 
heterocaryons  suggesting  ineffective  com¬ 
plementation  within  both  “balanced” 
and  “unbalanced”  heterocaryons.  The 
results  further  suggest  some  functional 
difference  between  genetic  elements  com¬ 
bined  in  a  single  nucleus  and  the  same 
genetic  elements  within  separate  nuclei, 
but  combined  into  a  single  cytoplasmic 
unit.  How  nuclear  fusion  might  enhance 
complementation  in  this  species  is  not 
obvious. 

It  lias  been  reported  previously 
that  it  was  not  possible  to  isolate 
prototrophic  liyphal  tips  from  spe¬ 
cific  heterocaryons  in  Cephalospo- 
rium  mycophilwn  (Cda.)  Tubaki 
(Tuveson  and  Coy,  1963;  Tuveson 
1964).  With  a  single  exception,  hy- 
phal  tips  isolated  from  the  hetero¬ 
caryons  and  transferred  to  complex 
medium  were  homocaryotic  for  one 
of  the  unclear  components  in  the 
heterocaryon.  Hyphal  tips  from 
the  exceptional  heterocaryon  (HET 
YI-C)  when  transferred  to  complex 
medium  were  homocaryotic  for  one 
or  the  other  of  the  component  nuclei 
in  the  heterocaryon.  However,  not 
a  single  heterocaryotic  hyphal  tip 
was  isolated  from  this  exceptional 
heterocaryon.  It  was  postulated  that 
the  ability  to  isolate  heterocaryo¬ 
tic  hyphal  tips  from  this  exceptional 


heterocaryon  may  simply  have  been  a 
result  of  the  small  number  of  tips 
analyzed.  This  paper  presents  evi¬ 
dence  which  suggests  that  hetero¬ 
caryotic  and  prototrophic  hyphal 
tips  can  be  isolated  from  HET  YI-C 
when  a  sufficiently  large  sample  of 
tips  is  isolated.  Further,  evidence  is 
presented  showing  that  heterocary¬ 
otic  and  prototrophic  hyphal  tips  can 
be  isolated  from  another  heterocar¬ 
yon  (HET  XI-C)  which  differs 
from  HET  YI-C  in  that  one  of  its 
components  has  an  additional  nu¬ 
tritional  requirement. 

Materials  and  Methods 

The  source  of  the  wild  type  culture, 
the  medium  used  and  the  methods  for 
the  induction,  isolation  and  characteriza¬ 
tion  of  mutants  have  been  presented 
(Tuveson  and  Coy,  1961).  The  mutant 
strains  used  in  this  investigation  and  in 
previous  investigations  (Tuveson,  1964) 
were:  adenineless,  methionineless, 
orange  (-ade,  -met,  ora)  ;  cysteineless, 
leucineless,  green  (-cys,  -leu,  gr)  ; 
cysteineless,  leucineless,  arginineless, 
green  (-cys,  -leu,  -arg,  gr);  arginine- 
less,  orange  (-arg,  ora).  Retesting  of 
the  arginine  requirement  in  the  -arg, 
ora  strain  revealed  that  this  mutant 
also  responded  to  ornithine  or  citrulline. 
The  arginine  requirement  in  the  green 
strain  (-cys,  -leu,  -arg,  gr)  was  satis¬ 
fied  specifically  by  arginine  indicating 
that  the  arginine  requirements  in  the 
orange  and  green  strains  involved  dif¬ 
ferent  genes. 

Methods  for  the  synthesis  of  hetero¬ 
caryons  and  “mat  controls”  have  been 
described  (Tuveson  and  Coy,  1961; 
Tuveson,  1964). 

The  input  proDortions  of  the  two 
nuclear  types  for  the  heterocaryons  were 
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determined  by  viable  counts  after  initial 
adjustments  based  on  haemocytometer 
counts.  A  mean  viable  count  was  calcu¬ 
lated  from  ten  replicates. 

The  concentrations  of  supplements  ad¬ 
ded  to  minimal  medium  for  the  identifi¬ 
cation  of  the  nutritional  requirements 
of  strains  and  techniques  for  the  isola¬ 
tion  of  hyplial  tips  have  been  presented 
(Tuveson  and  Coy,  1961;  1963). 

The  methods  used  for  the  identifica¬ 
tion  of  the  nutritional  requirements  of 
the  colonies  derived  from  hyphal  tips 
were  identical  to  those  described  pre¬ 
viously  (Tuveson,  1964). 

All  cultures  were  incubated  at  25  ± 
2C. 

Experimental  Results  and 
Discussion 

In  previous  experiments,  it  had 
been  demonstrated  that  it  was  not 
possible  to  isolate  prototrophic  hy¬ 
phal  tips  from  HET  IY-C  (Tuveson 
and  Coy,  1963;  Tuveson,  1964).  As 
a  check  on  previous  experiments, 


hyphal  tips  were  isolated  from  my¬ 
celial  mat  fragments  of  HET  IY-C 
(-ade,  -met,  ora  -f-  -cys,  -leu,  -arg, 
gr)  growing  on  minimal  medium 
(Table  1).  As  was  expected,  all  the 
hyphal  tips  isolated  and  transferred 
to  complex  medium  were  liomo- 
caryotic  for  the  orange  component 
(-ade,  -met,  ora).  None  of  the  tips 
transferred  to  minimal  medium 
formed  colonies  after  28  davs  of 

t y 

incubation.  These  results  substan¬ 
tiate  previous  observations.  Clearly, 
maintaining  the  mutant  stocks  for 
three  years  in  the  laboratory  had 
not  resulted  in  any  significant  al¬ 
terations  of  these  stocks. 

Hyphal  tips  were  isolated  from 
mat  fragments  of  HET  VI-C  (-arg, 
ora  4"  -cys,  -leu,  gr)  after  5  and  13 
days  of  incubatiaon  on  minimal  me¬ 
dium.  The  results  are  in  substantial 


Table  1. — Growth  of  Hyphal  Tips  from  Heterocaryons  Grown  on  Minimal  Medium 


Heteroearyon  and  Input  nuclear 

component  strains  ratio11 

orange  :  green 

component  component 

Age  in  days 
of  colony  from 
which  tips 
were  isolated 

Medium  to 
which  isolated 

Total  no. 
of  tips 

No.  of 
colonies 

Genetic 

Constitution 

IV-C 

-ade,  -met,  ora  2  :  1 

13  complex 

25 

25 

-ade,  -met,  ora 

+ 

-cys,  -leu,  -arg,  gr 

minimal 

25 

0 

— 

VI-C 

-arg,  ora  7  :  1 

5  complex 

26 

26 

25 

-cys,  -leu,  gr 

+ 

1 

heteroearyon 

-cys,  -leu,  gr 

minimal 

24 

0 

— 

13  complex 

50 

49 

30 

-cys,  -leu,  gr 

14 

-arg,  ora 

5 

heterocaryons 

minimal 

50 

2 

2 

heterocaryons 

XI-C 

-arg,  ora  1  :  1 

13  complex 

27 

25 

7 

-cys,  -leu,  gr 

4“ 

14 

-arg,  ora 

-cys,  -leu,  -arg,  gr 

4 

heterocaryons 

minimal 

25 

2 

2 

heterocaryons 

"Input  nuclear  ratios  are  based 

on  viable  counts. 

Iiyphal  Tips  in  Cephalosporium 
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agreement  with  those  reported  pre¬ 
viously  (Tuveson,  1964)  with  the 
notable  exception  that  a  single  and 
five  heterocarvotic  hyphal  tips  were 
observed  among  the  tips  transferred 
to  complex  medium  from  5  and  13 
day  old  colonies  respectively.  In 
addition,  two  of  the  tips  isolated 
from  the  13  day  old  cultures  and 
transferred  to  minimal  medium 
formed  small  colonies  after  21  days 
of  incubation  on  minimal  medium. 
These  colonies  were  transferred  to 
fresh  minimal  medium  plates  to 
prevent  desiccation  and  incubated 
for  21  additional  days  at  which 
time  it  was  possible  to  analyze  the 
conidia  produced  by  the  colonies. 
Both  nuclear  components  were  re¬ 
covered  among  the  conidia  estab¬ 
lishing  that  these  colonies  were 
heterocaryotic  and  prototrophic. 
HET  VI- C  differs  from  the  five 
heterocaryons  previously  investi¬ 
gated  in  that  when  growing  on  min¬ 
imal  medium  one  of  the  nuclear 
components  does  not  predominate 
resulting  in  the  colonies  developing 
a  homocaryotic  periphery.  Ineffec¬ 
tive  complementation  had  been  post¬ 
ulated  to  account  for  the  results 
with  the  five  previous  heterocaryons 
in  which  one  of  the  nuclear  com¬ 
ponents  predominated  in  the  hetero¬ 
caryons  growing  on  minimal  medium 
(Tuveson  and  Coy,  1963;  Tuveson, 
1964).  It  had  been  postulated  that 
as  a  result  of  ineffective  complemen¬ 
tation,  the  heterocaryons  became 
homocaryotic  at  the  periphery, 
stopped  growing  following  which 
fans  of  somatic  diploid  mycelium 
emerged  from  the  heterocaryotic 
colonies.  When  HET  VI-C  was 
grown  on  minimal  medium,  both 
component  strains  were  easily  re¬ 


coverable  among  the  hyphal  tips 
isolated  from  a  13  day  old  colony. 
In  contrast  to  the  five  previously 
investigated  heterocaryons,  HET 
VI-C  appeared  to  be  a  “balanced” 
heterocaryon  (neither  nuclear  com¬ 
ponent  predominates  in  the  hetero¬ 
caryotic  mycelium).  Despite  the 
fact  that  HET  VI-C  appeared  to  be 
a  “balanced”  heterocaryon,  soma¬ 
tic  diploid  fans  emerged  from  these 
colonies  when  growing  on  minimal 
medium  in  a  manner  equivalent  to 
that  observed  with  other  heterocar¬ 
yons  in  this  species.  It  is  also  of 
interest  to  note  that  heterocaryotic 
hyphal  tips  isolated  from  HET  VI- 
C  and  growing  on  minimal  medium 
required  six  weeks  to  form  a  colony 
large  enough  for  the  isolation  of 
conidia  for  the  re-isolation  of  the 
original  component  homocaryons. 
Heterocaryotic  hyphal  tips  isolated 
from  HET  VI-C  and  growing  on 
complex  medium  required  18-21 
days  to  form  colonies  large  enough 
such  that  conidia  might  be  isolated 
to  recover  the  original  component 
strains.  This  observation  suggests 
that  complementation  between  the 
component  strains  in  HET  ATI-C 
is  ineffective  (or  inefficient)  al¬ 
though  it  would  seem  to  be  a  “bal¬ 
anced”  heterocaryon.  It  must  be 
concluded  that  complementation  is 
much  more  effective  when  the  com¬ 
ponent  nuclei  have  fused  to  form 
a  somatic  diploid  rather  than  when 
unfused  nuclei  are  present  in  the 
same  cytoplasmic  unit  (heterocar¬ 
yon).  Roberts  (1964)  has  reported 
that  complementation  for  certain 
sorbitol  markers  in  Aspergillus  nidu- 
lans  differs  in  heterocaryons  and 
somatic  diploids.  These  observations 
suggest  some  functional  significance 
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to  the  association  of  genetic  elements 
within  a  single  nucleus  as  opposed 
to  the  same  genetic  elements  in 
separate  nuclei  within  a  single  cyto¬ 
plasm.  How  fusion  of  nuclei  might 
enhance  complementation  is  not  ob¬ 
vious. 

The  results  obtained  with  HET 
XI-C  were  equivalent  to  those  ob¬ 
tained  with  HET  VI-C  (Table  1). 
The  only  difference  between  these 
two  heterocaryons  was  that  the 
green  component  in  HET  XI-C 
carried  an  additional  nutritional 
marker  (-arg).  Clearly,  the  addi¬ 
tional  marker  had  little  influence  on 
the  complementation  relationship 
between  the  components. 

The  results  reported  here  differ 
from  those  reported  previously 
(Tuveson  and  Coy,  1963;  Tuveson 
1964)  in  that  it  was  possible  to  find 
specific  combinations  of  mutant 
strains  which  when  incorporated 
into  heterocaryons  allowed  for  the 
isolation  of  prototrophic  hyphal  tips. 
This  leads  to  the  conclusion  that 
heterocaryons  may  have  differing 
properties  depending,  in  very  large 
part,  on  the  mutants  employed  in 
the  investigation.  Recently,  it  has 
been  reported  that  the  yield  of  proto¬ 
trophic  hyphal  tips  from  specific 
heterocaryons  in  the  plant  path¬ 
ogenic  fungus,  Ascochyta  imperfec¬ 
ta,  is  dependent  on  the  combination 
of  mutants  used  to  synthesize  the 


specific  heterocaryons  (Sanderson 
and  Srb,  1965).  It  would  appear 
that  conclusions  may  be  drawn  con¬ 
cerning  the  properties  of  specific 
heterocaryons  within  a  species,  but 
it  seems  doubtful  that  general  con¬ 
clusions  concerning  heterocaryosis 
as  a  phenomenon  can  be  drawn  from 
the  examination  of  a  limited  num¬ 
ber  of  heterocaryons  within  a  spe¬ 
cies. 
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Abstract.  —  The  effect  of  cold  ex¬ 
posure  (4  weeks  at  2  to  5°C)  on  the 
oxidative  phosphorylation  and  respira¬ 
tion  of  liver  mitochondria  and  liver 
homogenates  in  rats  was  studied.  The 
studies  were  made  polarographically 
using  the  Clark  type  oxygen  electrode. 
Respiration  was  measured  with  added 
exogenous  substrate  (succinate),  exo¬ 
genous  substrate  plus  ATP,  and  exo¬ 
genous  substrate  plus  ADP.  No  altera¬ 
tions  were  observed  in  mitochondria 
from  cold-exposed  rats.  The  ADP:0  ratio 
was  significantly  lower  and  the  succi- 
nate-ADP  respiratory  rate  was  signifi¬ 
cantly  higher  in  homogenates  from 
cold-exposed  rats. 

The  experimental  work  described 
here  was  designed  to  investigate  in 
detail  the  effect  of  cold  exposure  on 
certain  of  the  tissue  metabolic  para¬ 
meters  that  characterize  cold  accli¬ 
mation.  The  pursuit  of  this  study 
was  encouraged  by  the  conflicting 
results  previously  reported  in  mea¬ 
suring  these  parameters.  For  ex¬ 
ample,  Smith  and  Fairhurst  (1958) 
suggested  that  oxidative  phosphory¬ 
lation  ,that  is,  the  conversion  of 
ADP  (adenosine  diphosphate)  into 
ATP  ( adenosine  triphosphate ) , 
which  is  normally  coupled  to  cellu¬ 
lar  respiration,  may  become  partial¬ 
ly  uncoupled  in  the  mitochondria 
of  cold-exposed  animals.  Several 
studies  of  oxidative  phosphoryla¬ 
tion  using  liver  homogenates  and 
unwashed  liver  mitochondria  from 
cold-exposed  rats  tend  to  support 
this  hypothesis  (Hannon,  1959; 
Panagos  et  al.,  1958 ;  Lianides  and 
Beyer,  1960).  Other  studies  using 


liver  mitochondria  from  cold-ex¬ 
posed  rats  have  failed,  however,  to 
demonstrate  an  uncoupling  of  oxida¬ 
tive  phosphorylation  (Patkin  and 
Masoro,  I960;  Chaffee  et  al.,  1961; 
Frehn  and  Anthony,  1962.) 

In  an  attempt  to  explain  these 
apparently  contradictory  results, 
Patkin  and  Masoro  (1960)  suggest¬ 
ed  that  oxidative  phosphorylation, 
a  mitochondrial  event,  may  be  reg¬ 
ulated  by  extra-mitochondrial  fac¬ 
tors.  This  suggestion  was  based  on 
the  finding  of  Smith  (1960)  that 
an  uncoupling  of  oxidative  phos¬ 
phorylation  in  cold-exposed  rats  oc¬ 
curs  only  in  systems  where  other 
cell  components  are  present  in  ad¬ 
dition  to  the  mitochondria.  Thus, 
it  is  presumed  that  these  extra- 
mitochondrial  factors  may  be  re¬ 
moved  on  preparing  washed  mito¬ 
chondria  (Smith,  1960). 

Aldridge  and  Stoner  (1963)  mea¬ 
sured  oxidative  phosphorylation  in 
cold-exposed  rats,  using  both  wash¬ 
ed  and  unwashed  liver  mitochondrial 
preparations.  In  contrast  to  the 
finding  of  Smith  and  Fairhurst 
(1958),  however,  they  found  that 
the  liver  mitochondria  from  these 
cold-acclimated  rats  did  not  differ 
from  normal  rats  in  their  P  :0  ratios 
(number  of  moles  of  ADP  plios- 
phorylated  per  grain  atom  of  oxygen 
consumed)  in  either  the  washed  or 
unwashed  preparations. 
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In  addition  to  the  studies  on  ox¬ 
idative  phosphorylation,  additional 
investigations  have  suggested  that 
augmented  rates  of  tissue  oxygen 
•consumption  may  contribute  toward 
increased  non-shivering  thermogen¬ 
esis  during  cold  exposure  (Hannon, 
1960).  In  support  of  this  sugges¬ 
tion,  some  investigators  using  tissue 
homogenates  or  tissue  slices  (Han¬ 
non,  1958;  Clark  et  al.,  1954;  You 
and  Sellers,  1951)  have  found  an 
increased  rate  of  tissue  oxygen  con¬ 
sumption  in  cold-exposed  rats.  Oth¬ 
ers,  using  mitochondrial  prepara¬ 
tions,  have  failed  to  show  such  an 
increase  in  the  rate  of  tissue  respira¬ 
tion  (Smith  and  Fairhnrst,  1958; 
Chaffee  et  al.,  1961 ;  Frelm  and 
Anthony,  1  962).  Aldridge  and 
Stoner  (1963)  observed  no  increase 
in  oxygen  consumption  in  either 
washed  or  unwashed  liver  mitochon¬ 
drial  preparations  from  cold-exposed 
rats. 

It  is  becoming  increasingly  evi¬ 
dent  that  the  in  vitro  determination 
of  the  metabolic  responses  of  cold- 
exposed  animals  is  markedly  in¬ 
fluenced  by  the  method  of  tissue 
preparation.  The  present  study  was, 
therefore,  undertaken  with  the  aim 
of  attempting  to  help  clarify  the 
conflicting  reports  by  further  in¬ 
vestigating  the  differences  between 
liver  mitochondrial  and  homogen¬ 
ate  respiration  during  cold  exposure 
in  rats. 

Materials  and  Methods 

Ten  adult  female  strain  CFE  (Car- 
worth  Farms)  rats  were  exposed  to  a 
continuous  cold  environment  of  2  to 
5°C  for  3  to  5  weeks.  These  animals 
(plus  10  controls  maintained  at  an  am¬ 
bient  temperature  of  24°  ±  1°C)  were 
used  to  study  the  effect  of  cold  on  liver 
mitochondrial  respiration.  A  second 


group  of  six  rats  was  exposed  to  cold 
for  4  weeks  to  study  the  effect  of  cold 
on  liver  homogenate  respiration.  Again, 
six  controls  were  maintained  at  ambient 
temperature. 

Washed  mitochondria  were  prepared 
according  to  the  method  described  by 
de  Duve  et  al.,  (1955).  The  entire  pro¬ 
cedure  for  the  isolation  of  the  mitochon¬ 
dria  was  carried  out  in  a  cold  room  (1 
to  2°C).  Animals  were  killed  with  a 
sharp  blow  on  the  head,  and  the  liver 
quickly  removed  and  placed  into  an 
ice-cold  isolation  medium.  The  isolation 
medium  contained  225mM  mannitol,  75 
mM  sucrose,  and  0.1  mM  EDTA. 
Homogenization  of  the  tissue  was  car¬ 
ried  out  by  forcing  a  rotating  Teflon 
pestle  to  the  bottom  of  the  grinding 
tube. 

The  tissue  used  for  the  study  on  rat 
liver  homogenate  respiration  was  pre¬ 
pared  by  subjecting  the  homogenized 
tissue  suspension  to  slow  speed  centri¬ 
fugation  (500  x  g  for  8  minutes)  in  or¬ 
der  to  remove  erythrocytes,  nuclei  and 
unbroken  cells.  Measurements  of  res¬ 
piration  and  phosphorylation  were 
made  polarographically,  using  the  ro¬ 
tating  oxygen  electrode  as  originally  de¬ 
scribed  by  Chance  and  Williams  (1955) 
as  well  as  the  Clark  oxygen  electrode 
as  described  by  Strickland  et  al.,  (1960). 
The  reaction  medium  contained  45mM 
mannitol,  15  mM  sucrose,  40  mM  KC1, 
20mM  MgClo,  20  mM  phosphate  buffer, 
pH  7.3,  and  10  mM  succinate.  Ten 
microliters  of  0.05  M  ADP  were  added 
to  determine  the  ADP  plus  substrate 
respiration  rate  and  efficiency  of  oxida¬ 
tive  phosphorylation.  In  addition,  20 
microliters  of  0.1  M  ATP  were  added  to 
the  homogenates  during  the  reaction 
to  determine  the  substrate  plus  ATP 
rate  of  respiration. 


Results  and  Conclusions 

The  results  of  the  study  of  the 
effect  of  cold  exposure  on  respiration 
and  P  :0  ratios  in  washed  liver 
mitochondria  are  shown  in  Table  1. 
Respiration  values  represent  X  ± 
S.E.  in  /x M  02/second/mg.  of  nitro¬ 
gen.  The  Rs  value  represents  the 
respiratory  stimulation  with  ADP. 
Succinate  was  used  as  a  substrate. 
It  is  evident  from  these  data  that 
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Table  1.— Effect  of  cold  (3-5  weeks  at  2-5°C)  on  exogenous  substrate  respira¬ 
tion  and  phosphorylation  in  lat  liver  mitochondria. 


Succinate 


Rats 

N 

Succinate 

plus 

ADP 

Rs 

P :  O 

Control 

10 

0.83  ±  .04 

6.11 

±  .20 

7.4 

1.67  ± 

.04 

Cold-exposed 

10 

0.79  ±  .03 

5.95 

±  .20 

7.6 

1.62  ± 

.03 

the  P  :0  ratio  remains  unaltered  in 
washed  mitochondria  from  cold-ex¬ 
posed  rats.  Likewise,  it  appears  that 
the  exposure  of  rats  to  cold  has  no 
effect  on  the  succinate  respiration 
of  liver  mitochondria.  In  addition, 
the  Rs  values  shown  in  Table  1  in¬ 
dicate  that  A  DP  st  imulates  respira¬ 
tion  in  the  cold-exposed  group  to 
the  same  extent  as  in  the  controls. 

To  determine  whether  a  supres- 
sion  of  P  :0  ratios  in  cold-exposed 
rats  occurs  when  other  cell  compon¬ 
ents  are  present  in  addition  to  the 
mitochondria,  studies  were  also  made 
on  homogenates.  These  data  are 
summarized  in  Table  2.  In  contrast 
to  the  results  obtained  with  washed 
liver  mitochondria,  it  was  found 
that  the  P  :0  ratios  are  significantly 
decreased  in  liver  homogenates  from 
cold-exposed  rats. 

The  measurements  which  were 
made  on  liver  homogenate  respira¬ 
tion  are  also  shown  in  Table  2  and 
include:  (a)  substrate  (succinate) 
respiration,  (b)  substrate  plus  ADP 
respiration,  and  (c)  respiration  in 
the  presence  of  excess  substrate 
plus  ATP.  Previous  work  lias  shown 


that  ATP  stimulates  homogenate 
respiration  in  the  presence  of  excess 
exogenous  substrate  (Ziegler  et  ah, 
1963).  This  stimulation  probably 
is  due  to  an  increased  ADP  con¬ 
centration  resulting  from  the  de- 
phosphorylation  of  the  added  ATP. 
The  ratio  of  the  substrate-ATP  rate 
of  respiration  to  the  substrate  rate 
of  respiration  provides  a  measure 
of  the  ATPase  activity  of  the  cells. 

The  results  suggest  that  homo¬ 
genate  respiration  in  the  presence 
of  excess  substrate  (succinate)  is 
unaffected  by  cold  exposure.  Like¬ 
wise,  exposure  to  cold  does  not  ap¬ 
pear  to  cause  any  alteration  in  the 
ATPase  activity  of  the  liver  tissue. 
This  is  indicated  by  the  fact  that 
homogenates  from  control  rats  are 
stimulated  by  addition  of  ATP  to 
the  same  extent  as  are  the  cold-ex¬ 
posed  rats.  These  results  are  in 
agreement  with  previous  reports 
that  ATPase  activity  does  not 
change  during  cold  exposure  (Han¬ 
non,  1959). 

The  data  in  Table  2  also  show 
that  the  addition  of  ADP  to  the 
tissue  homogenates  stimulates  sub- 


Taele  2. — Effect  of  cold  (4  weeks  at  2-5°C)  on  exogenous  substrate  respiration 
and  phosphorylation  in  rat  liver  homogenates. 


Rate 

N 

Succinate 

Succinate 
plus  ATP 

Succinate 
plus  ADP 

Rs 

P:  O 

Control 

6 

0.28  ±  .01 

0.33  ±.01 

0.85  ±  .03 

2.6 

2.02  ± 

.02 

Cold-exposed 

6 

0.28  ±  .01 

0.34  ±.01 

1.04  ±  .03* 

3.1* 

1.74  ± 

.06* 

*  P  <  .01 
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strate  respiration  to  a  greater  ex¬ 
tent  in  the  cold-exposed  animals 
than  it  does  in  the  controls.  Thus, 
the  maximum  rate  of  tissue  homo¬ 
genate  respiration  (i.e.,  respiration 
in  the  presence  of  excess  exogenous 
substrate  and  ADP)  is  significantly 
greater  in  the  cold-exposed  rats. 
This  increase  is  in  contrast  to  the 
unaltered  succinate- ADP  respira¬ 
tion  observed  with  washed  mitochon¬ 
dria. 

Thus,  the  finding  in  the  present 
study  that  the  P  :0  ratios  are  de¬ 
creased  only  in  liver  homogenates 
from  cold-exposed  rats  and  not  in 
washed  mitochondria  supports  the 
finding  of  Smith  (1960)  that  such 
a  suppression  of  P  :0  ratios  occurs 
onlv  in  systems  where  other  cell 
components  are  present  in  addition 
to  the  mitochondria.  The  results 
also  agree  with  earlier  reports  that 
an  increased  rate  of  respiration  can 
be  observed  in  liver  slices  and  homo¬ 
genates  from  cold-exposed  rats 
(Hannon,  1960;  Clark  et  al.,  1954), 
but  that  no  increase  occurs  when 
the  measurements  are  made  using 
mitochondria  (Patkin  and  Masoro, 
I960;  Chaffee  et  ah,  1961).  These 
data  indicate  that  there  is  an  in¬ 
creased  concentration  of  functional 
respiratory  units  in  liver  tissue  of 
cold-exposed  rats.  They  also  indi¬ 
cate  that  respiration,  like  oxidative 
phosphorylation,  is  influenced  by 
some  extra-mitochondrial  factors 
which  may  be  washed  out  in  pre¬ 
paring  purified  mitochondria. 

It  is  of  interest  to  compare  these 
results  with  those  obtained  by  Al¬ 
dridge  and  Stoner  (1963)  who  found 
no  change  in  P  :0  ratios  or  rates  of 
respiration  in  either  washed  or  un¬ 


washed  mitochondria  from  cold-ex¬ 
posed  animals.  One  explanation 
would  be  that  the  extra-mitochon¬ 
drial  factors,  which  need  to  be  pres¬ 
ent  in  order  to  demonstrate  these 
changes  in  cold-exposed  rats,  may 
be  lost  even  in  the  preparation  of 
unwashed  mitochondria. 

Despite  the  lack  of  change  in  sub¬ 
strate  respiration  and  ATPase  ac¬ 
tivity,  it  would  appear  that  adap¬ 
tive  changes  at  the  cellular  level  do 
occur  in  the  rat  during  cold  expo¬ 
sure  which  result  in  an  accelerated 
rate  of  cellular  respiration  and  a 
decrease  in  the  efficiency  of  oxida¬ 
tive  phosphorylation.  It  is  further 
suggested  that  these  results  are  most 
easily  demonstrated  when  whole 
tisue  homogenates  rather  than  wash¬ 
ed  mitochondria  are  used.  These 
adaptions  presumably  aid  the  rat 
by  increasing  its  capacity  to  produce 
heat  and  thus  maintain  its  normal 
body  temperature  in  the  cold. 
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AN  ANNOTATED  CHECKLIST  OF  VASCULAR  PLANTS 
OF  THE  SOUTHERN  ILLINOIS  UNIVERSITY 
PINE  HILLS  FIELD  STATION  AND  ENVIRONS 
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Abstract.  —  A  descriptive  account  of 
the  Pine  Hills  Field  Station  and  envir¬ 
ons  in  Union  County,  Illinois  is  pre¬ 
sented,  followed  by  an  annotated  check¬ 
list  of  the  vascular  plants  thus  far  found 
in  the  area.  A  total  of  1003  species  is 
included.  This  high  total  is  a  reflec¬ 
tion  of  the  diverse  habitats  found  in 
the  area. 

In  1959,  Southern  Illinois  Uni¬ 
versity  established  a  Field  Station 
in  an  area  popularly  known  as  the 
Pine  Hills,  in  northwestern  Union 
County,  Illinois.  This  area  lies  in 


the  extreme  western  section  of  the 
Shawnee  National  Forest.  Swamps, 
unspoiled  mixed  deciduous  forest, 
cold  water  springs  of  even  tempera¬ 
ture,  clear-running  rock-bottomed 
streams,  steep-sicled  and  shaded  val¬ 
leys,  dry  rocky  uplands,  acid  cherty 
slopes  of  varied  aspect,  grassy  open¬ 
ings  or  hill  prairies,  and  limestone 
provide  a  wide  habitat  range. 

Early  collections  from  the  Pine 
Hills  area  were  made  by  Henry  Al- 


Figure  1.- — Map  showing  study  area.  The  Southern  Illinois  University  Field 
Station  is  delimited  by  the  dotted  line.  Prepared  by  Cartographic  Office,  Missis¬ 
sippi  Valley  Investigation,  Dan  Irwin,  1959.  Source:  U.S.G.S.  Wolf  Lake  Quad¬ 
rangle. 
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len  Gleason  in  the  early  1900 ’s. 
During  the  past  decade  and  a  half, 
the  principal  collections  of  vascular 
plants  in  the  area  were  by  the  late 
Professor  William  C.  Bailey  and 
by  Julius  R.  Swayne.  The  present 
authors  and  their  students,  long  re¬ 
alizing  the  unusual  floristic  compo¬ 
sition,  interest,  and  overlapping 
vegetational  patterns  of  the  area, 
have  made  repeated  trips  there  for 
study,  and  these  efforts  are  incor¬ 
porated  in  “A  Flora  of  Southern 
Illinois'7.  There  has  never  been  an 
exhaustive  checklist  prepared  on  the 
Pine  Hills  area. 

Geographically  situated  between 
the  Appalachians  and  the  Ozarks, 
southern  Illinois  owns  a  natural  re¬ 
lationship  to  both  and  thus  becomes 
a  giant  link  in  nature’s  floristic 
gradient.  A  general  reduction  in 
size  of  individual  plants  and  their 
numbers  occurs  in  the  spread  of 
species  to  the  west.  A  climatic  grad¬ 
ient  condition  of  moist  to  dry  is  the 
underlying  cause.  There  lie  to  the 
west,  to  the  north,  or  to  the  south, 
floral  assemblies  of  different  origin 
and  nature. 

From  LaRue,  situated  at  the  east 
edge  of  the  ancient  floodplain  of  the 
Mississippi  River,  may  be  seen  a  tow¬ 
ering  limestone  bluff  capped  with  chert 
and  supporting  yellow  pines  (Pinvs 
echinata).  Below  the  bluff  is  a  sizable 
swamp.  Numerous  springs  issue  from 
the  base  of  the  limestone  bluffs  and  one 
large  one  flows  under  the  road.  Its 
waters  are  cold,  as  indicated  by  the 
abundance  of  water  cress  in  the  channel 
of  its  flow.  The  temperature  of  the 
water  holds  uniform  through  the  sum¬ 
mer.  This  spring  is  noted  for  its  unique 
animal  forms.  Here  may  be  found 
pygmy  sunfish  (Elassoma  zonatum)  no 
longer  than  1.5  inches.  Blind  cave  fish 
(Chlogaster  papilliferus )  occasionally 
are  washed  from  their  subterranean 
caverns.  Beavers  are  active  in  this  area 
and  construct  extensive  darns  to  main¬ 


tain  a  certain  water  level.  The  swamp 
is  a  haven  for  many  forms  of  animal 
life. 

Where  Wolf  Lake  becomes  narrower 
and  shallower  at  its  northern  limit, 
Wolf  Lake  Swamp  originates.  The 
northern  border  of  this  swamp  arbi¬ 
trarily  is  set  at  the  road  which  extends 
from  Illinois  Route  3  eastward  to  the 
base  of  the  massive  limestone  bluffs 
known  as  the  Pine  Hills.  These  bluffs 
form  the  eastern  limit  of  the  swamp. 
To  the  west,  a  gradual  rise  in  elevation 
is  responsible  for  the  dissipation  of  the 
swamp  into  a  low  woodland  area. 

In  the  constantly  inundated  area,  the 
standing  water  varies  from  one  inch  or 
so  at  times  of  lowest  water  to  about 
five  feet  in  depth.  Different  groupings 
of  plants  are  recognized  with  relation 
to  the  depth  of  water  in  the  swamps. 
In  areas  which  may  become  covered 
by  five  feet  of  water,  buttonbush  is  most 
abundant.  Trees  are  numerous,  but 
only  a  small  percentage  of  them  is 
living.  Among  the  trees  present  are 
black  willow  (Salix  nigra),  swamp 
cottonwood,  and  red  maple.  Occasional 
plants  of  pondweed  and  naiad  are 
found.  Growing  as  an  epiphyte  on  bases 
of  some  of  the  trees  is  the  water  hore- 
hound  (Ly copus  rubellus). 

In  water  that  sometimes  is  two  feet 
deep,  large  monocotyledonous  perennials 
such  as  sweet  flag,  arrow-leaf,  arrow- 
arum,  and  bur-reed  (8 'parganium  eury- 
carpum  and  8.  androcladum)  are  com¬ 
mon.  Trees  are  more  abundant  where 
the  water  is  shallower.  Pumpkin  ash 
(Fraxinus  tomentosa),  red  maple,  swamp 
cottonwood,  water  locust  ( Gleditsia 
aquatica),  and  honey  locust  are  rather 
common.  Coarse  sedges  abound  in  this 
shallow  water  area.  Numbered  among 
these  are  Car  ex  lupuliformis,  C.  lurida, 
C.  hystricina,  C.  lupulina,  and  C. 
stipata '.  Free-floaters  present  are  sponge- 
plant  (Limnobium  spongia),  watermeal, 
species  of  duckweed  (Lemna  trisulca 
and  L.  minor),  and  mosquito  fern 
(Azolla  mexicana) . 

A  distinct  woodland  community  on 
low  ground,  in  which  the  area  is  inun¬ 
dated  for  only  a  portion  of  each  year, 
exists  in  the  outer  regions  of  the  swamp. 
Tree  composition  is  somewhat  different 
from  the  swamp  proper.  Swamp  cotton¬ 
wood,  red  maple,  and  honey  locust  still 
occur,  but  in  smaller  numbers.  With 
these  are  silver  maple,  pin  oak  ( Quercus 
palustris) ,  box  elder  ( Acer  negundo) , 
and  sweet  gum  (Liquidambar  styracif - 
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lua)  in  appreciable  numbers,  while  oc¬ 
casional  plants  of  slippery  elm  (Ulmus 
rubra),  basket  oak  (Quercus  micha'uxii), 
and  white  oak  (Quercus  alba )  occur. 
Only  gray  dogwood  (Cornus  obliqua) 
and  Virginia  willow  (Itea  virginica)  are 
found  in  the  shrub  layer.  The  under- 
story  is  sparsely  populated,  but  a  large 
variety  of  species  occurs.  Most  abund¬ 
ant  are  pink  St.  John’s-wort  (Tria'denum 
toalteri),  hydrolea  (Hydrolea  affinis), 
water  parsnip  (Slum  suave)  monkey- 
flower  ( Mimulus  alatus),  and  bed  straw 
( Galium  cbtusum) .  Gerardia  (Gerardia 
tenuifolia),  butterwood  ( Senecio  gla¬ 
bellas),  swamp  milkweed  ( Asclepias 
perennis),  and  enchanter’s  nightshade 
( Gircaea  latifolia)  are  less  common. 
Rare  species  are  skullcap  ( Scutellaria 
nervosa)  and  bishop’s-weed  ( Ptilimnium 
costatum) .  All  except  butterweed  flower 
during  the  summer  and  fall. 

Near  the  base  of  a  limestone  bluff  in 
T  11  S,  R  3  W,  section  18,  is  an  area 
of  deeper  water.  This  is  called  Otter 
Pond.  The  borders  are  thickly  popu¬ 
lated  with  buttonbush  and  Virginia 
willow. 

North  of  the  road  extending  from 
Illinois  Route  3  to  the  Pine  Hills  is 
the  southern  end  of  the  LaRue  Swamp. 
This  swamp,  also  bounded  to  the  east 
by  limestone  bluffs,  is  much  more  ex¬ 
tensive  than  the  Wolf  Lake  Swamp.  It 
covers  an  area  nearly  two-and-three- 
fourths  miles  long  and  from  one-eighth 
to  one  mile  broad.  It  is  fed  by  refresh¬ 
ing  limpid  springs  which  are  at  the  base 
of  the  limestone  bluffs.  Colonies  of 
beavers  live  in  LaRue  Swamp.  The 
presence  of  their  dams  across  the  swamp 
results  in  the  constant  back-up  of  the 
water.  In  more  quiet  areas  where  the 
water  seldom  is  in  motion,  stagnation 
frequently  occurs.  The  animals  of  this 
swamp  (termed  the  Pine  Hills  Swamp), 
particularly  the  fishes,  have  been  dis¬ 
cussed  by  Gunning  and  Lewis  (1955). 

As  the  spring  water  emerges  it  has 
a  year  around  temperature  between  56° 
and  58°  F  (Gunning  and  Lewis,  1955). 
In  the  rapidly  flowing  water  at  the 
springhead,  only  water-cress  (Nastur¬ 
tium  officinale )  thrives.  In  adjacent 
areas  where  there  is  moderate  water 
movement  resulting  from  the  rapid  cur¬ 
rents  of  the  spring’s  main  channel,  ad¬ 
ditional  species  occur.  These,  for  the 
most  part,  are  species  which  also  in¬ 
habit  the  borders  of  streams  in  south¬ 
ern  Illinois.  Included  here  are  ditch 
stone-crop  (Penthorum  sedoides),  water 
plantain  (Alisma  plantago-aquatica  var. 


parviflorum) ,  pink  swamp  milkweed 
(Asclepias  incar nata) ,  and  mild  water 
pepper,  along  with  manna  grass  ( Gly¬ 
cerin  septentrionalis )  and  sedge  (Carex 
vulpinoidea).  In  a  zone  from  three  to 
fifteen  feet  wide  on  either  side  of  the 
spring’s  main  channel  is  a  unique  com¬ 
munity  of  plants.  The  aiea  inhabited  by 
these  plants  is  inundated  by  one  to  six 
inches  of  water  for  most  of  each  year. 
UnusuaPy  occurring  species,  many  of 
which  are  found  in  no  other  place  in 
the  swamp,  are  in  this  zone.  Among 
the  rarer  ones  are  bulrush  (Scirpus 
validus),  two  grasses  (Puccinellia  pallida 
and  Glyceria  arkansana) ,  and  American 
feather-foil  (Hottonia  inf  lata).  Cat-tail 
(Typha  latifolia)  is  common  at  this 
site. 

The  constantly  inundated  regions  of 
LaRue  Swamp  are  simi’ar  to  those  of 
Wolf  Lake  Swamp  except  that  more 
species  exist  in  LaRue  Swamp.  Trees 
are  common,  with  pumpkin  ash  clearly 
comprising  60  per  cent  of  those  present. 
In  moderate  numbers  are  red  ash.  red 
maple,  swamp  cottonwood,  southern 
lrackberry  ( Celtis  laevigata) ,  and  water 
locust.  In  the  most  remote  parts  of 
the  swamp  are  a  few  scattered  trees 
of  bald  cypress  (Taxodium  distichum) 
and  Drummond’s  red  maple  (Acer  drum- 
mondii). 

Shrubs  are  plentiful  in  the  standing 
water.  Buttonbush  again  is  encountered 
most  frequently,  but  thickets  of  water 
willow  (Decodon  verticillatus)  and 
swamn  rose  (Rosa  palustris)  become 
established  locally. 

Herbaceous  members  of  the  standing 
water  community  are  not  frequent,  but 
those  that  are  present  usually  have 
vivid  flowers.  Yellow  water  crowfoot 
(Ranunculus  flabellaris ) ,  water  primrose 
(Jussiaea  decurrens) ,  water  mustard 
(Neobeckia  aquatica),  and  American 
featherfoil  are  particularly  attractive. 
In  more  shallow  water  are  coarse  mono¬ 
cotyledons.  Some  of  these  are  Carex 
lupulina,  C.  lupuUformis,  C.  retrorsa , 
C.  comosa,  C.  stipata,  and  C.  crus-corvi. 
Growing  as  epiphytes  on  the  bases  of 
pumpkin  ash  and  southern  liackberry  are 
clumps  of  the  cypress-knee  sedge  ( Carex 
decomposita) .  A  few  small  unusual 
herbs  such  as  bladder  worts  (Utricularia 
vulgaris  and  U.  gibba)  and  red  iris 
(Iris  fulva)  occur.  In  the  stagnated 
areas,  free-floaters  abound,  among  which 
are  mosquito  fern,  duckweeds,  water- 
meal,  and  sponge-plant. 

The  partly  inundated  periphery  of 
LaRue  Swamp  contains  species  which 
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occur  in  other  open  moist  habitats  in 
southern  Illinois.  Spring-flowering  spe¬ 
cies  include  mousetail  (Myosurus  min¬ 
imus)  and  Pennsylvania  water  cress 
(Cardamine  pennsylvanica).  Those 
which  begin  to  flower  in  June  are  water 
dock,  lizard’s-tail,  water  parsnip,  and 
bishop’s  weed. 

The  swamp  gives  way  to  a  woodland 
community  on  low  ground  which  is  es¬ 
sentially  like  the  low  woodland  com¬ 
munity  bordering  the  Wolf  Lake  Swamp. 
Dominant  trees  are  red  maple,  honey 
locust,  and  swamp  cottonwood,  with 
silver  maple,  sweet  gum,  and  pin  oak 
present  in  considerable  numbers.  Swamp 
holly  ( Ilex  decidua)  is  the  most  fre¬ 
quently  encountered  shrub.  The  under¬ 
story  has  the  same  composition  as  the 
Wolf  Lake  Swamp  lowland  woods  ex¬ 
cept  that  the  pink  St.  John’s-wort  and 
liydrolea  are  not  as  common  in  the 
former. 

The  following  lists  show  the  associa¬ 
tion  of  plants  in  their  ecological  situa¬ 
tions. 


Woody  Species  of  Constantly 
Inundated  Areas: 

Acer  drummondii 
Acer  rubruni 
Celtis  laevigata 
Cephalanthus  occi  dent  a  lis 
Decodon  verticillatus 
Fraxinus  pennsylvanica 
Fraxinus  tomentosa 
Gleditsia  aquatica 
I  tea  virginica 
Populus  heterophylla 
Rosa  palustris 
Salix  nigra 
Taxodium  distichum 

Woody  Species  of  Areas  Inundated 
only  a  Part  of  Each  Year: 

Acer  rubruni 
Celtis  laevigata 
Cephalanthus  occidentalis 
Fraxinus  pennsylvanica 
Gleditsia  triacanthos 
Itea  virginica 
Populus  heterophylla 
Rosa  palustris 
Salix  nigra 

Woody  Species  of  Low  Woodlands 
Which  May  Never  Grow  in  Water: 

Acer  negundo 
Acer  rubruni 


Acer  saccharinum 
Betula  nigra 
Celtis  laevigata 
Cephalanthus  occidentalis 
Cornus  obliqua 
Fraxinus  pennsylvanica 
Gleditsia  triacanthos 
Ilex  decidua 
Itea  virginica 
Liquidambar  styraciflua 
Quercus  alba 
Quercus  palustris 
Quercus  michauxii 
TJlmus  rubra 

Herbaceous  Species  Which  May 
Be  Free  Floaters: 

Azolla  mexicana 
Cabomba  caroliniana 
Lenina  minor 
Lemna  perpusilla 
Lemna  valdiviana 
Lemna  trisulca 
Limnobium  spongia 
Naias  flexilis 

Potamogeton  diversifolius 
Spirodela  polyrhiza 
Wolffia  columbiana 
Wolffia  papulifera 
Wolffiella  floridana 

Rooted  Herbaceous  Species  Which 
May  Be  Found  in  Constantly 
Inundated  Areas: 

Acorus  calamus 
Alisma  plantago-aquatica 
var.  parviflorum 
Alopecurus  aequalis 
Asclepias  perennis 
Biclens  polylepis 
Brasenia  schreberi 
Carex  comosa 
Carex  crus-corvi 
Carex  frankii 
Carex  lup  u  l  if o  rm  i  s 
Carex  lupulina 
Carex  lurida 
Carex  retrorsa 
Carex  stipata 
C erato phyllum  demersu m 
Echinodorus  cordifolius 
Galium  tinctorium 
Glyceria  arkansana 
Hottonia  inf  lata 
Iris  fulva 
Jussiaea  decurrens 
Ludwigia  palustris 
Lycopus  rubellus 
Nasturtium  officinale 
Nelumbo  lutea 
Neobeckia  aquatica 
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Nuphar  advena 
Nymphaea  odorata 
Peltandra  virginica 
Pontederia  cordata 
Puccinellia  pallida 
Ranunculus  flabellaris 
Sagittaria  latifolia 
Scirpus  validus 
S par ganium  andro clad u m 
Spar  ganium  eurycarpum 
Utricular  ia  gibba 
U tricularia  vulgaris 

Herbs  in  Partly  Inundated  Areas, 
No  Canopy: 

Agrostis  palustris 
Asclepias  perennis 
Aster  simplex 
Aster  vimineus 
Cardamine  pennsylvanica 
Carex  vulpinoidea 
Commelina  diffusa 
Cyperus  erythrorhizos 
Cyperus  ferruginescens 
Cyperus  aristatus 
Epilobium  color  alum 
Eragrostis  hypnoides 
Eupatorium  coelestinum 
Glyceria  striata 
Heliotr opium  indicum 
Hibiscus  lasiocarpus 
Ipomoea  lacunosa 
Leersia  lenticularis 
Leesia  oryzoides 
Lindernia  dubia 
Lobelia  cardinalis 
Lycopus  americanus 
Lycopus  rubellus 
Mentha  spicata 
M  uhlenb  ergia  f  rondos  a 
Mu hlen b ergia  schreberi 
Myosurus  minimus 
Panicum  agrostoides 
Paspalum  fluitans 
Paspalum  geminum 
Pluchea  camphorata 
Polygonum  hydro  piper 
Polygonum  hydro  piper  oides 
Polygonum  sagittatum 
Ptilimnium  costatum 
Rumex  verticillatus 
Saururus  cernuus 
S  cut  ell  a  ri  a  la  teriflo  ra 
S Hum  suave 

Herbs  of  the  Low  Woodland 
Community : 

A  pi  os  americana 
A sclepias  perennis 
Aster  simplex 
Aster  vimineus 


Bidens  comosa 
Bidens  discoidea 
Bidens  vulgata 
Cardamine  pennsylvan ica 
Circaea  latifolia 
Galium  obtusum 
Gerardia  tenuifolia 
Glyceria  s eptentrionalis 
Hydrolea  affinis 
Hypericum  perforatum 
Lycopus  americanus 
Lycopus  rubellus 
Lysimachia  ciliata 
Ptilimnium  costatum 
Scutellaria  lateriflora 
Scutellaria  nervosa 
Senecio  glabellus 
Sium  suave 
Stachys  tenuifolia 
Traiadenum  ivalteri 

Continuing  along  the  edge  of  the 
swamp,  the  road  winds  from  low  ground 
where  stately  beech  trees  (Fagus  grandi- 
folia),  tulip  trees  (Liriodendron  tulipi- 
fera),  and  maple  (Acer  spp.)  prevail. 
Large  sassafras  ( Sassafras  albidum) 
and  cucumber  trees  (Magnolia  acum¬ 
inata)  mingle  with  them. 

From  the  roadside  in  sandy  areas  of 
low  ground  may  be  seen  tongues  and 
patches  of  cleft  phlox  (Phlox  bifida), 
carpets  of  mist  flower  ( Phacelia  pur- 
shii),  and  spatterings  of  purple  delphin¬ 
ium  (Delphinium  tricorne).  Buttercups 
(Ranunculus  spp.),  trilliums  (Trillium 
spp.),  and  bloodroot  ( Sanguinaria  cana¬ 
densis)  are  numerous.  Layers  of  red¬ 
bud  ( Cercis  canadensis )  and  dogwood 
(Cornus  florida )  may  be  seen  at  the 
roadside  under  the  canopy  of  taller 
trees. 

On  higher  elevations  are  found  com¬ 
munities  of  white  oak  (Quercus  alba), 
black  oak  (Q.  velutina),  and  red  oak 
( Q.  rubra)  to  the  crests  where  dryness 
induced  by  greater  exposure  presents 
the  post  oak  (Quercus  stellata)  and 
black-jack  oak  (Q.  marilandica)  com¬ 
munities.  These  tree  segregates  occur 
and  re-occur  where  suitable  habitats  are 
found  and  there  are  many  interming- 
lings  to  form  still  other  assemblages. 

The  greatest  occurrence  of  yellow 
pine  in  southern  Illinois  is  in  Pine  Hills, 
Union  County.  The  pines  are  found 
from  mid-slope  to  near  the  ridge-tops, 
becoming  progressively  more  abundant 
near  the  top.  The  soil  is  a  thin  layer 
of  rocks,  reddish  chert,  underlain  by 
massive  limestone.  Yellow  pine  and 
Buckley’s  hickory  usually  are  the  lead¬ 
ing  dominants.  Other  canopy  species 
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include  pignut  hickory,  white  oak,  black 
oak,  red  oak,  black-jack  oak,  and  shag- 
bark  hickory. 

An  abundant  shrub  layer  is  dominated 
by  liigh-busli  blueberry  (Vaccinimm 
vacillans)  and  sparkleberry  (V.  arbor- 
eum).  Other  common  shrubs  are  shin¬ 
ing  sumac  (Rhus  copallina),  fragrant 
sumac  ( R .  aromatica),  New  Jersey  tea 
(Ceanothus  americanus),  and  wild  rose 
( Rosa  setigera).  Locally  on  these  cherty 
west-facing  slopes  may  be  found  scat¬ 
tered  bushes  of  the  pinxter  flower 
(  Rhododendron  spp ) . 

The  herbaceous  layer  here  is  com¬ 
posed  predominantly  of  summer  and 
fall-flowering  species.  Early  spring¬ 
blooming  species  are  plantain-leaved 
everlasting  or  pussy  toes  ( Antennaria 
plant  agini  folia) ,  and  four  species  of 
sedge  ( Carex  artitecta,  G.  emmonsii,  C. 
physorhyncha,  and  C.  umbeilata).  This 
period  is  followed  closely  by  blooming 
of  cleft  phlox  and  bird’s-foot  violet 
(Viola  pedata).  From  mid-May  until 
October,  there  is  a  rapid  succession  of 
goat’s-rue  (Tephrosia  virginiana) ,  bed- 
straw  (Galium  circaezans),  shooting 
star  (Dodecatheon  media),  milkweed 
(Asclepias  quadrifolia) ,  bee  balm  ( Mon - 
arda  bradburiana) ,  poverty  oat-grass 
(Danthonia  spicata),  pencil  flower  (Styl- 
osanthes  biflora),  three-seeded  mercury 
(Acalypha  gracilens),  and  several  sne- 
cies  of  sunflower  and  goldenrod.  The 
latter  is  interesting,  floristically,  since 
two  species  (Solidago  strigosa  and  8. 
bootii)  are  known  only  from  this  station 
in  Illinois. 

A  few  woody  species  are  able  to  send 
roots  into  cracks  and  crevices  of  the 
limestone  bluffs.  These  plants,  because 
of  the  extreme  environmental  conditions 
to  which  they  are  subjected,  are  usually 
gnarled  and  stunted.  Included  in  this 
group  are  dwarf  liackberry  ( Celtis 
purnila),  red  cedar  (Juniperus  virgin¬ 
iana),  and  blue  ash  ( Fraxinus  auad- 
rangulata).  Several  vines  cling  to  ex¬ 
posed  bluff  faces.  Some  of  these  are 
Virginia  creeper  (Parthenocissus  quin- 
quefolia),  bur  cucumber  (  Sicyos  angula- 
tus),  and  snailseed  (Cocculus  Carolina). 

A  few  herbaceous  species  occurring 
under  such  rigorous  environmental  con¬ 
ditions  as  imposed  on  a  bluff  face  are 
cleft  phlox,  wild  onion  (Allium  stel- 
latum),  walking  fern  (Gamptosorus 
rhizophyllus ) ,  black  spleenwort  (As- 
plenium  resiliens),  tiny  lip-fern  ( Ghei - 
lanthes  feei),  purple  cliffbreak  (Pellaea 
atropurpurea),  and  bulblet  bladderfern 


(Gystopteris  bulbifera) .  Less  common 
species  of  this  habitat  include  shrubby 
bluet  (Houstonia  nigricans)  and  Isan- 
thus  brachiatus. 

Along  the  road  near  the  summit  of 
the  Pine  Hills  occurs  Hill  Prairie  on 
Government  Rock.  This  hill  prairie 
occurs  on  exposed  upper  slopes  of  south¬ 
west  and  west-facing  bluffs.  The  factors 
most  influential  in  determining  the 
vegetation  of  these  slopes  are  the  loca¬ 
tion  and  topography.  Most  hill  prairies 
are  directly  exposed  to  hot  afternoon 
sun  and  prevailing  southwest  summer 
winds.  It  is  under  these  extreme  dry 
conditions  that  the  prairie  thrives  when 
surrounded  by  forest  vegetation.  Since 
hill  prairies  often  occur  on  steep  slopes, 
many  are  not  easily  accessible  and, 
therefore,  little  disturbed. 

Species  composition  of  the  hill  prairie 
seems  to  be  chiefly  characteristic  of  the 
western  plains  and  the  Ozark  plateau, 
although  a  number  of  plants  have  a 
southern  origin.  Since  the  territory  is 
unglaciated,  it  is  supposed  that  these 
prairies  have  a  pre-glacial  origin.  The 
hill  prairies  show  an  array  of  herbs  in 
their  seasonal  aspects.  Outstanding 
among  these  are  puccoon  (Lithosperm- 
um  canescens)  and  verbena  (Verbena 
canadensis)  of  the  spring  aspect.  The 
cone  flower  (Echinacea  pallida)  and 
purple  (Petalostemum  purpureum)  and 
white  prairie  clover  (P.  candidum)  are 
the  outstanding  herbs  of  the  summer 
aspect.  The  autumnal  sun  is  reflected 
in  a  burst  of  brilliant  color.  Boneset 
(K  uhnia  eupatorioides ),  golden  rods 
(Solidago  spp.),  and  asters  hold  forth 
until  frost. 

Among  the  dominant  grasses  it  is 
little  bluestem  ( Andropogon  scoparius) 
which  in  its  greater  abundance  (nearly 
70  per  cent  of  the  composition)  gives 
the  hill  prairie  a  western  look.  Next 
in  rank  is  side-oats  grama  (Bouteloua 
curtipendula) .  It  flowers  during  early 
summer  and  becomes  more  conspicuous 
with  its  oat-like  spikelets  displayed  on 
one  side  of  its  flowering  rachis  at  one- 
and-one-half  to  two  feet  high.  Only  a 
scattering  of  the  taller  grasses  occurs 
on  this  upland  site.  Two  species,  big 
bluestem  (Andropogon  gerardii)  and 
Indian  grass  (Sorghastrum  nutans),  are 
predominant. 

Ashby  and  Kelting  (1963)  have 
presented  a  detailed  account  of  the 
vegetation  of  the  Pine  Hills  Field 
Station. 
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The  State  of  Illinois  is  presently 
known  to  have  over  2700  species 
of  vascular  plants.  The  southern 
twelve  county  area  is  known  to  have 
nearly  1600  species  (Mohlenbrock 
and  Voigt,  1959).  Jackson  County 
has  the  greatest  list  of  vascular 
plants  with  nearly  1400  species.  One 
of  the  richest  concentrations  of  spe¬ 


cies  in  a  single  area  exists  at  Giant 
City  State  Park  where  820  species 
are  known  on  1535  acres  (Mohlen¬ 
brock,  1954). 

The  area  covered  by  this  an- 
notated  checklist  is  in  the  northwest 
township  of  Union  County  (Preston 
Township).  It  includes  the  area 
shown  in  Figure  1 . 


The  annotated  checklist  which  follows  accounts  for  all  vascular  plants 
from  the  Pine  Hills  Field  Station  and  environs  for  which  herbarium  speci¬ 
mens  have  been  taken.  A  total  of  1003  species  distributed  in  441  genera 
and  120  families  is  included.  Brief  mention  concerning  habitat  and  abund¬ 
ance  is  made  for  each  species.  An  asterisk  (*)  preceding  the  species  indi¬ 
cates  a  plant  adventive  to  the  area.  The  number  following  the  collector’s 
name  is  the  collector’s  field  number  for  that  particular  specimen. 


Subphyhim  SPHENOPSIDA  Scott 
Equisetaceae  Michx. — Horsetail  Family 
Equisetum  arvense  L.  Field  Horsetail.  Moist  soil,  occasional;  R.  Mohlenbrock 
13920. 

Equisetum  hyemale  L.  Tall  Scouring  Rush.  Wet  ground  and  in  swamps,  com¬ 
mon;  J.  Voigt  s.n. 

Subphylum  PTEROPSIDA  Jeffrey 
Class  FILICINEAE  Brongn. 

Ophioglossaceae  Presl — Adder’s-tongue  Family 
Botrychium  obliquum  Muhl.  Grape  Fern.  Shaded  woods,  occasional;  R.  Mohl¬ 
enbrock  12458. 

Botrychium ,  virginianum  (L).  Sw.  Rattlesnake  Fern.  Moist  woods,  common; 
B.  Mohlenbrock  126x8. 

Ophioglossum  vulgatum  L.  Adder’s-tongue  Fern.  Low  woods,  rare;  W.  Bailey 
tt  J.  Swayne  7 41. 

Polypodiaceae  R.  Br. — Fern  Family 

Adriantum  pedatum  L.  Maidenhair  Fern.  Rich  woods,  common;  B.  Mohlen¬ 
brock  12745. 

Asplenium  pinnatifidum  Nutt.  Pinnatifid  Spleenwort.  Bluffs,  rare;  R.  Hatcher 
23115. 

Asplenium  platyneuron  (L.)  Oakes.  Ebony  spleenwort.  Woods,  common; 
J.  Voigt  s.n. 

Asplenium  resiliens  Kunze.  Black  Spleenwort.  Limestone  bluffs,  occasional; 
R.  Hatcher  23120. 

Athyrium  angustum  (Willd.)  Presl.  Lady  Fern.  Moist  woods,  occasional;  B. 
Mohlenbrock  12611. 

Athyrium  pycnocarpon  (Spreng.)  Tidestorm.  Glade  Fern.  Deep  woods,  occa¬ 
sional;  B.  Mohlenbrock,  3597. 

Athyrium  thelypterioides  (Michx.)  Desv.  Silvery  Spleenwort.  Deep  woods, 
occasional;  B.  Mohlenbrock  12886. 

Camptosorus  rhizophyllus  (L.)  Link.  Walking  Fern.  Woods,  common;  B. 
Hatcher  186. 

Gheilanthes  feei  Moore.  Baby  Lip  Fern.  Limestone  bluffs,  occasional;  R.  Hat¬ 
cher  231. 

Cystopteris  bulb  if  era  (L.)  Bernh.  Bulblet  Fern.  Limestone  ravines,  occasional; 
B.  Mohlenbrock  13120. 

Cystopteris  fragilis  (L.)  Bernh.  Fragile  Fern.  Woods,  common;  B.  Mohlen¬ 
brock  7297. 
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Dryopteris  hexagonoptera  (Michx.)  C.Chr.  Broad  Beech  Fern.  Rich  woods,  oc¬ 
casional;  R.  Mohlenbrock  121,14- 

Dryopteris  intermedia  (Mulil.)  A.  Gray.  Woods,  rare;  K.  Stewart  s.n. 
Dryopteris  marginalis  (L. )  A.  Gray.  Marginal  Wood  Fern.  Woods,  common. 
R.  Evers  15449- 

Dryopteris  spinulosa  (O.  F.  Muell.)  Watt.  Spinnlose  Wood  Fern.  Woods,  rare; 
K.  Stewart  s.n. 

Onoclea  sensibilis  L.  Sensitive  Fern.  Low  woods,  occasional;  R.  Mohlenbrock 
■8887. 

Pellaea  atropurpurea  (L.)  Link.  Purple  Cliff  Brake.  Limestone  cliffs,  occa¬ 
sional;  M.  Steagall  28. 

Polypodium  polypodioides  (L.)  Watt.  Resurrection  Fern.  Woods,  rare;  R. 
Hatcher  231. 

Polypodium  virginianum  L.  Common  Polypody.  Rocky  woods,  occasional;  R. 
Mohlenbrock  12632. 

Polystichum  acrostichoides  (Michx.)  Schott.  Christmas  Fern.  Woods,  common; 
R.  Mohlenbrock  &  J.  Voigt  9966. 

Pteridium  latiusculum  (Desv.)  Hieron.  Eastern  Bracken.  Open  woods,  occa¬ 
sional;  R.  Mohlenbrock  12711. 

Woodsia  obtusa  (Spreng. )  Torr.  Cliff  Fern.  Dry  woods,  occasional;  R.  Mohlen¬ 
brock  121/43. 


S alvin iaceae  Reichenb. — Water  Fern  Family 
Azolla  mexicana  Presl.  Mosquito  Fern.  Swamps,  occasional;  R.  Hatcher  23130. 

Class  GYMNOSPERMAE  Lindley 
Pinaceae  Lindley — Pine  Family 

Pinus  echinata  Mill.  Shortleaf  Pine.  Cherty  woods,  occasional;  G.  Winterringer 
1692. 

Taxod iaceae  Schimper — Bald  Cypress  Family 
Taxodium  distichum  (L.)  Rich.  Bald  Cypress.  Deep  swamps,  occasional;  W. 
Stie  glitz  1/1. 

Cttpressaceae  Horan. — Cypress  Family 

Juniperus  virginiana  L.  Red  Cedar.  Edge  of  bluffs,  fields,  common;  R.  Evers 
151,76. 

Class  ANGIOSPERMAE  (Brongn.)  A.  Br. 

Subclass  MONOCOTYLEDONEAE  (Juss.)  DC. 

Typhaceae  J.  St.  Hil. — Cat-tail  Family 
Typha  latifolia  L.  Common  Cat-tail.  Wet  soil,  common;  J.  Voigt  s.n. 

Sparganiaceae  J.  G.  Agardh — Bur-reed  Family 
Sparganium  americanum  Nutt.  Swamps,  rare;  W.  Hardy  16. 

Sparganium  androcladum  (Engelm.)  Morong.  Swamps,  occasional;  W.  Stieg¬ 
litz  1,4- 

Spar  ganium  chlorocarpum  Rydb.  Swamps,  rare;  S.  Abney  ct-  G.  Dillard  876. 
Sparganium  eurycarpum  Engelm.  Swamps,  occasional;  W.  Stieglitz  26. 

Potamogetonaceae  Engler — Pondweed  Family 
Potamogeton  diversifolius  Raf.  Wolf  Lake,  occasional;  W.  Bailey  tf-  J.  Swayne 
1713. 


Alismaceae  DC. — Water  Plaintain  Family 
Alisma  subcordatum  Raf.  Wet  areas,  common;  J.  Voigt  1139. 

Echinorodus  cordifolius  (L.)  Griseb.  Swamps,  occasional;  J.  Voigt  681. 
Echinodorus  rostratus  (Nutt.)  Engelm.  Swamps,  rare;  W.  Stieglitz  45- 
Sagittaria  latifolia  Willd.  Around  lakes  and  swamps,  common;  W.  Bailey  tC- 
J.  Swayne  1789. 

Sagittaria  rigida  Pursh.  Edge  of  swamps,  rare;  J.  Voigt  s.n. 

Hydrocharitaceae  Aschers. — Frog-bit  Family 
Limnobium  spongia  (Bose)  Steud.  Sponge-plant.  Swamps  and  lakes,  occasional; 
W.  Stieglitz  20. 
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Gramineae  Juss. — Grass  Family 
Agrostis  alba  L.  Red-top.  Woods,  common;  J.  Voigt  s.n. 

Agrostis  hyemalis  (Walt.)  BSP.  Tickle  Grass.  Woods  and  fields,  common; 
R.  Mohlenbrock  12856. 

Agrostis  palustris  Hiuls.  Swamps,  occasional;  R.  Mohlenbrock  12973. 

Agrostis  perennans  (Walt.)  Tuckerm.  Woods,  common;  J.  Voigt,  11/936. 
Alopecnrus  aequalis  Sobol.  Wet  soil,  rare;  J.  Voigt  1369. 

Alopecurus  carolinianus  Walt.  Common  Foxtail.  Waste  ground,  common;  J. 
Voigt  261  If. 

Andropogon  gerardii  Vitm.  Big  Blue  Stem.  Hill  prairies,  common;  J.  Voigt 
2619. 

Andropogon  scoparius  Miclix.  Little  Blue  Stem.  Hill  prairies,  common;  J. 
Voigt  2618. 

Andropogon  virginicus  L.  Broomsedge.  Fields,  common;  J.  Voigt  2622. 
Aristida  dichotoma  Michx.  Fields,  common;  J.  Voigt  2617. 

Aristida  longespica  Poir.  Fields,  common;  R.  Mohlenbrock  13921. 

Aristida  oligantha  Michx.  Tliree-awn.  Fields,  common;  R.  Mohlenbrock  121/59. 
Aristida  ramosissima  Engelm.  Fields,  occasional;  J.  Voigt  s.n. 

Arundinaria  giga'ntea  (Walt.)  Muhl.  Giant  Cane.  Low  ground,  common;  J. 
Voigt  759. 

Bouteloua  curtipendula  (Michx.)  Torr.  Side-oats  Grama.  Hill  prairies,  com¬ 
mon;  J.  Voigt  16636. 

Brachyelytrum  erectum  (Schreb.)  Beauv.  Woods,  common;  R.  Mohlenbrock 
12689. 

Bromus  ciliatus  L.  Woods,  occasional;  J.  Voigt  2307. 

*Bromus  commutatus  Schrad.  Waste  ground,  common;  J.  Voigt  s.n. 

*Bromus  inermis  Leyss.  Waste  ground,  occasional;  J.  Voigt  s.n. 

*  Bromus  japonicus  Thunb.  Exposed  ledges,  common;  J.  Ozment. 

Bromus  purgans  L.  Woods,  occasional;  R.  Mohlenbrock  1271/6. 

*Bromus  racemosus  L.  Exposed  ledges,  common;  J.  Ozment  s.  n. 

*Bromus  secalinus  L.  Waste  ground,  common;  J.  Voigt  2917. 

*Bromus  tectorum  L.  Waste  ground,  common;  J.  Voigt  1581. 

Cinna  arundinacea  L.  Wood  Reed  Grass.  Low  woods,  common;  J.  Voigt  11/077. 
*Dactylis  glomerata  L.  Waste  ground,  common;  R.  Mohlenbrock  12612. 
Danthonia  spicata  (L.)  Beauv.  Poverty  Oat  Grass.  Dry  Woods,  common;  J. 
Voigt  2215. 

Diarrhena  americana  Beauv.  Moist  woods,  rare;  J.  Voigt  s.n. 

*Digitaria  ischaemum  (Schreb.)  Muhl.  Crab-grass.  Waste  ground,  occasional; 
R.  Mohlenbrock  s.n. 

*I)igitaria  sanguinalis  (L.)  Scop.  Crab-grass.  Waste  ground,  common;  J.  Voigt 
2619. 

Echinochloa  crusgalli  (L. )  Beauv.  Barnyard  Grass,  Waste  ground,  common; 
W.  Stieglitz  7. 

Echinochloa  pungens  (Poir.)  Rydb.  Moist  ground,  occasional;  R.  Mohlenbrock, 

s.n. 

Echinochloa  walteri  (Pursh)  Heller.  Edge  of  lakes  and  swamps,  occasional; 
J.  Voigt  11/958. 

*Elcusine  indica  (L.)  Gaertn.  Goose-grass.  Waste  ground,  common;  J.  Voigt  s.n . 
Elymus  villasus  Muhl,  Woods,  common;  J.  Voigt  763. 

Elymus  canadensis  L.  Woods,  common;  J.  Voigt  211/1 

Elymus  virginicus  L.  Wild  Rye.  Woods,  common;  W.  Stieglitz  32. 

Eragrostis  capillaris  (L.)  Nees.  Exposed  ledges,  common;  J.  Ozment  s.n. 
*Eragrostis  cilianensis  (All.)  Link.  Waste  ground,  common;  J.  Voigt  2512. 
Eragrostis  frankii  C.  A.  Mey.  Sandy,  moist  soil,  rare;  •/.  Voigt  20/3. 
Eragrostis  hypnoidcs  (Lam.)  BSP.  Pony  Grass,  Wet  soil,  common;  W.  Stieg¬ 
litz  uA 

Eragrostis  pectinacea  (Michx.)  Nees.  Woods  and  roadsides,  common;  R. 
Mohlenbi  ock  35  0. 

*  Eragrostis  poaeoides  (L.)  Beauv.  Wet  ground,  occasional;  W.  Bailey  cG  J. 
Sioa~  ne  3055. 

Eragrostis  spectabilis  (Pursh)  Steud.  Woods,  common;  J.  Voigt  3012. 
Erianthvs  alopecuroides  (L.)  Ell.  Plume  Grass.  Edge  of  woods,  rare;  R.  Mohl¬ 
enbrock  3926. 
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*Eriochloa  contract a  Hitchc.  Waste  ground,  rare;  J.  Voigt  8408. 

*Festuca  elatior  L.  Waste  ground  along  roads,  common;  J.  Voigt  660. 

Festuca  obtusa  Bieler.  Woods,  occasional;  J.  Voigt  1961. 

Festuca  octoflora  Walt.  Eight-Weeks  Fescue.  Dry  areas,  common;  J.  Voigt  s.n. 
Festuca  paradoxa  Desv.  Woods,  rare;  R.  Molilenbrock  &  J.  Voigt  9022. 
Glyceria  arkansana  Fern.  Swamps,  rare;  R.  Hatcher  436. 

Glyceria  septentrionalis  Hitchc.  Wet  woods,  rare;  W.  Bailey  &  J.  Swayne  llf89. 
Glyceria  striata  (Lam.)  Hitchc.  Low  woods,  common;  J.  Voigt  3420. 
*Hordeum  jubatum  L.  Barley.  Waste  ground,  occasional;  J.  Voigt  685. 
*Hordeum  pusillum  Nutt.  Small  Barley.  Waste  ground,  common;  J.  Voigt  2944. 
Hystrix  patula  Moench.  Bottlebrush  Grass.  Woods,  common;  R.  Molilenbrock 
10990. 

Koeleria  cristata  (L.)  Pers.  Hill  prairies,  rare;  J.  Voigt  3000. 

Leersia  lenticularis  Michx.  Wet  ground,  occasional;  R.  Molilenbrock  5419. 
Leersia  oryzoides  (L.)  Sw.  Cut  Grass.  Low  woods,  common;  W.  Stieglitz  5. 
Leersia  virginica  Willd.  White  Grass.  Low  woods,  common;  J.  Voigt  13923. 
Leptochloa  fascicularis  (Lam.)  A.  Gray.  Along  edge  of  swamp,  rare;  J.  Voigt 

s.n. 

Leptochloa  filiformis  (Lam.)  Beauv.  Along  lakes,  occasional;  R.  Mohlenhrock 
12887. 

*Lolium  multiflorum  Lam.  Waste  ground,  common;  R.  Mohlenhrock  13121. 
*Lolium  perenne  L.  Perennial  Rye  Grass.  Waste  ground,  common;  W.  Bailey  d 
J.  Swayne  2495. 

Melica  mutica  Walt.  Woods,  rare;  J.  Voigt  692. 

Melica  nitens  (Scrihn.)  Nutt.  Woods,  occasional;  J.  Voigt  1370. 

Muhlenbergia  capillaris  (Lam.)  Trim  Woods,  rare;  R.  Evers  23414- 
Muhlenbergia  cuspidata  (Torr.)  Rydb.  Exposed  ledges,  occasional;  J.  Ozment. 
Muhlenbergia'  frondosa  (Poir.)  Fern.  Woods,  rare;  J.  Voigt  14078. 
Muhlenbergia  mexicani  (L.)  Trin.  Woods,  rare;  J.  Voigt  3616. 

Muhlenbergia  racemosa  (Michx.)  BSP.  Wet  ground,  occasional;  J.  Voigt  2717. 
Muhlenbergia  schreberi  J.  F.  Gmel.  Nimble  Will.  Woods,  common;  W.  Bailey 
d  J.  Swayne  3041. 

Muhlenbergia  sobolifera  (Mulil.)  Trin.  Woods,  common;  R.  Mohlenhrock  cf- 
J.  Voigt  9969. 

Muhlenbergia  sylvatica  Torr.  Woods,  occasional;  R.  Mohlenhrock  13886. 
Muhlenbergia  tenuiflora  (Willd.)  BSP.  Rocky  woods,  occasional;  R.  Mohlen- 
brock  12413. 

Panicum  agrostoides  Spreng.  Wet  ground,  common;  R.  Molilenbrock  12631. 
Panicum  anceps  Michx.  Moist  soil,  common;  J.  Voigt  14898. 

Panicum  boscii  Poir.  Woods,  common;  R.  Mohlenhrock  12710. 

Panicum  capillare  L.  Witch  Grass.  Woods  and  roadsides,  common;  R.  Mohlen- 

brock  12424. 

Panicum  clandestinum  L.  Deer-tongue  Grass.  Woods,  occasional;  R.  Mohlen- 
brock  s.n. 

Panicum  commutatum  Scliult.  Woods,  occasional;  J.  Voigt  2848. 

Panicum  depauperatum  Mulil.  Woods  and  fields,  common;  J.  Voigt  2170. 
Panicum  dichotomiflorum  Michx.  Woods,  common;  W.  Stieglitz  4- 
Panicum  dichotomum  L.  Dry  woods,  occasional;  R.  Molilenbrock  s.n. 

Panicum  flexile  (Gattinger)  Scribn.  Woods,  common;  J.  Voigt  14319. 

Panicum  huachucae  Ashe.  Open  areas,  common;  R.  Molilenbrock  12972. 
Panicum  lanuginosum  Ell.  Woods,  rare;  J.  Voigt  687. 

Panicum  latifolium  L.  Woods,  occasional;  R.  Molilenbrock  13922. 

Panicum  leibergii  (Vasey)  Scribn.  Cherty  slopes,  rare;  R.  Molilenbrock  12460. 
Panicum  linearifolium  Scribn.  Woods,  occasional;  K.  Steward  97. 

Panicum  microcar  pon  Muhl.  Woods,  common;  J.  Voigt  791. 

Panicum  philadelphicum  Bernh.  Woods,  rare;  R.  Molilenbrock  12690. 
Panicum  polyanthes  Schult.  Woods,  occasional;  R.  Molilenbrock  12 7 47. 
Panicum  scribnerianum  Nash.  Woods,  occasional;  J.  Voigt  12613. 

Panicum  tennesseense  Ashe.  Moist  ground,  common;  R.  Molilenbrock  9261. 
Panicum  virgatum  L.  Moist  ground,  common;  J.  Voigt  s.n. 

Panicum  xalapense  HBK.  Woods  and  fields,  common;  J.  Voigt  2888. 

Paspalum  circulare  Nash.  Wet  ground,  occasional;  W.  Stieglitz  9. 

Paspalum  fluitans  (Ell.)  Kunth.  Around  lake,  rare;  R.  Molilenbrock  14089. 
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Paspalum  geminum  Nash.  Edge  of  swamps,  occasional;  R.  Mohlenbrock  3863. 
Paspalum  pubescens  Muhl.  Woods,  occasional;  R.  Mohlenbrock  2655. 
Paspalum  stramineum  Nash.  Woods  and  fields,  occasional;  J.  Voigt  1812. 
*Phleum  pratense  L.  Timothy.  Waste  ground,  occasional;  R.  Mohlenbrock  12613. 
*Poa  annua  L.  Annual  Blue  Grass.  Waste  ground,  common;  R.  Mohlenbrock 
7  2888. 

Poa  chapmaniana  Scribn.  Dry  woods,  rare;  R.  Mohlenbrock  13122. 

*Poa  compressa  L.  Canadian  Blue  Grass.  Waste  ground,  common;  J.  Voigt  809. 
Poa  palustris  L.  Fowl  Blue  Grass.  Moist  soil,  rare;  W.  C.  Ashby  s.n. 

*Poa  pratensis  L.  Kentucky  Blue  Grass.  Waste  ground  and  woods,  common; 
J.  Voigt  810. 

Poa  sylvestris  A.  Gray.  Woods,  occasional;  R.  Mohlenbrock  13885. 

Puccinellia  pallida  (Torr.)  Clausen.  Swamps,  rare;  W.  Bailey  A  J.  Swayne  2 485. 
*Secale  cereale  L.  Rye,  Along  levee,  occasional;  R.  Mohlenbrock  s.n. 

*S etaria  faberi  Herrm.  Giant  Foxtail.  Waste  ground,  common;  R.  Mohlenbrock 
124/2. 

*Setaria  lutescens  (Weigel)  F.  T.  Hubb.  Yellow  Foxtail.  Waste  ground,  com¬ 
mon;  R.  Mohlenbrock  12630. 

Setaria  viridis  (L. )  Beauv.  Green  Foxtail.  Waste  ground,  common;  J.  Voigt 

762. 

Sorghastrum  nutans  (L.)  Nash.  Indian  Grass.  Hill  prairies,  occasional;  J. 
Voigt  1J/806. 

Sorghum  halepense  (L.)  Pers.  Johnson  Grass.  Waste  ground,  common;  J. 
Voigt  3209. 

Spenopholis  intermedia  Rydb.  Woods,  rare;  J.  Voigt  707. 

Sphenopholis  nitida  (Bieler)  Scribn.  Cherty  slopes,  rare;  R.  Mohlenbrock  12709. 
Sphenopholis  obtusata  (Michx.)  Scribn.  Woods,  occasional;  J.  Voigt  1164- 
Triodia  flava  (L.)  Smyth.  Red-top.  Fields  and  roadsides,  common;  R.  Mohlen¬ 
brock  14076. 

Tripsacum  dactyloides  L.  Wild  Corn.  Moist  soil,  rare;  R.  Mohlenbrock  12441. 
*Triticum  aestivum  L.  Wheat.  Waste  ground,  occasional;  J.  Voigt  229. 

TJniola  latifolia  Michx.  Sea  Oats.  Woods,  common;  W.  Stieglitz  56. 

*Zea  mays  L.  Corn.  Waste  ground,  occasional;  J.  Voigt  s.n. 

Cyperaceae  J.  St.  Chil. — Sedge  Family 

Carex  albolutescens  Schwein.  Woods,  rare;  R.  Mohlenbrock  12854 - 

Car-ex  albursina  Sheldon.  Moist  woods,  occasional;  R.  Mohlenbrock  12971. 

Carex  artitecta  Mack.  Dry  woods,  common;  R.  Mohlenbrock  13923. 

Carex  blanda  Dewey.  Moist  woods,  common;  R.  Mohlenbrock  12461. 

Carex  brevior  (Dewey)  Mack.  Open  areas,  occasional;  R.  Mohlenbrock  12691. 
Carex  bushii  Mack.  Wooded  slopes,  occasional;  R.  Mohlenbrock  12748. 

Carex  cephalophora  Muhl.  Woods  and  fields,  common;  R.  Mohlenbrock  12768. 
Carex  comosa  Boott.  Wet  ground  or  in  water,  common;  K.  Stewart  115. 

Carex  crinita  Lam.  Swamps,  rare;  J.  Voigt  2279. 

Carex  cruscorvi  Shuttlw.  Low  woods,  occasional;  W.  Bailey  A  J.  Swayne  2320. 
Carex  decomposita  Muhl.  On  decayed  vegetation  in  swamps;  W.  Bailey  A  J. 
Swayne  1499. 

Carex  emmonsii  Dewey.  Cherty  slopes,  rare;  R.  Mohlenbrock  A  R.  MacMahon 
IOI42. 

Carex  frankii  Kunth.  Wet  ground,  common;  W.  Bailey  J-  J.  Swayne  2782. 
Carex  glaucodea  Tuckerm.  Woods,  common;  R.  Mohlenbrock  12614- 
Carex  gracilescens  Steud.  Woods,  occasional;  R.  Mohlenbrock  12889. 

Carex  granularis  Muhl.  Wet  soil,  common;  R.  Mohlenbrock  13123. 

Carex  grayii  Carey.  Low  woods,  occasional;  R.  Mohlenbrock  13884 - 
Carex  grisea  Wahl.  Woods,  occasional;  R.  Mohlenbrock  12411- 
Carex  hirsutella  Mack.  Dry  wooded  slopes,  occasional;  R.  Mohlenbrock  12629. 
Carex  hyalinolepis  Steud.  Low  woods,  common;  K.  Stewart  tC-  R.  Hatcher  109. 
Carex  jamesii  Schw.  Rich  woods,  occasional;  J.  Voigt  8006. 

Carex  laevivaginata  (Kukenth.)  Mack.  Wet  ground,  rare;  J.  Voigt  1384- 
Carex  lanuginosa  Michx.  Swamps,  occasional;  R.  Mohlenbrock  s.n. 

Carex  lupuliformis  Sartw.  In  swamps,  occasional;  R.  Mohlenbrock  17417. 
Carex  lupulina  Muhl.  Low  ground,  common;  W.  Stieglitz  33. 

Carex  lurida  Wahl.  Wet  situations,  common;  J.  Voigt  1371. 

Carex  muhlenbergii  Schk.  Mostly  dry  woods,  occasional;  R.  Mohlenbrock  s.n. 
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Carex  muskingumensis  Schw.  Low  wet  woods,  occasional;  J.  Voigt  12108. 

Carex  oligocarpa  Schk.  Calcareous  woods,  rare;  R.  Mohlenbrock  16617. 

Carex  physorhyncha  Liebmann.  Cherty  slopes,  rare;  Mohlenbrock  0027 . 

Carex  retroflexa  Muhl.  Woods,  common;  R.  Mohlenbrock  121/1/0. 

Carex  retrorsa  Schw.  Swamps,  rare;  J.  Voigt  s.n. 

Carex  rosea  Schk.  Moist  woods,  common;  R.  Mohlenbrock  12853. 

Carex  scoparia  Schk.  Woods  and  along  roads,  occasional;  R.  Mohlenbrock 
12970. 

Carex  sliortiana  Dewey.  Wet  ground,  occasional;  -/.  Voigt  8206. 

Carex  squarrosa  L.  Wet  soil,  common;  J.  Voigt  17369. 

Carex  stipata  Muhl.  Low  ground,  occasional;  R.  Mohlenbrock  151/67. 

Carex  tribuloides  Wahl.  Open  areas,  occasional;  R .  Mohlenbrock  13921/. 

Carex  typhina  Michx.  Wet  areas,  common;  R.  Mohlenbrock  13883. 

Carex  umbellata  Schk.  Dry  rocky  woods,  occasional;  R.  Mohlenbrock  121/10. 

Carex  vulpinoidea  Michx.  Wet  soil,  common;  R.  Mohlenbrock  12692. 

Cyperus  acuminatus  Torr.  &  Hook.  Edge  of  swamp,  occasional;  R.  Mohlenbrock 
13906. 

Cyperus  aristatus  Rottb.  “Scatters”,  W.  Bailey  «.(•  J.  Swayne  2981/. 

Cyperus  engelmanii  Steud.  Between  Larue  Swamp  and  gravel  road,  low  ground, 
rare;  R.  Mohlenbrock  12506. 

Cyperus  erythrorhizos  Muhl.  Low  ground  in  fields  and  near  swamps,  occa¬ 
sional;  W.  Stieglitz  1/2. 

Cyperus  esculentus  L.  Edges  of  fields,  common;  R.  Mohlenbrock  13907. 

Cyperus  ferruginescens  Boeck.  Edge  of  LaRue  Swamp;  around  Wolf  Lake, 
common;  W.  Hardy  26. 

Cyperus  ovularis  (Michx.)  Torr.  In  abondoned  field,  occasional;  R.  Mohlenbrock 
13908. 

Cyperus  strigosus  L.  Moist  soil,  common;  W.  O.  Stieglitz  1/6. 

Eleocharis  acicularis  (L.)  Roem  &  Schultes.  Edge  of  lakes  and  swamps,  com¬ 
mon;  R.  Mohlenbrock  12555. 

Eleocharis  obtusa  (Willd.)  Schultes  var.  obtusa.  Wet  ground,  common;  R. 
Hatcher  s.n. 

Eleocharis  obtusa  (Willd.)  Schultes  var.  detonsa  (A.  Gray)  Drapalik  & 
Mohlenbrock.  Wet  ground,  rare;  R.  Mohlenbrock  12587. 

Fimbristylis  autumnalis  (L.)  Roem  &  Schultes.  Edge  of  Wolf  Lake,  rare;  R~ 
Mohlenbrock  12562. 

Scirpus  atrovirens  Willd.  Near  swamps,  common;  R.  Mohlenbrock  s.n. 

Scirpus  cyperinus  (L.)  Kunth.  In  shallow  water  or  near  swamps,  occasional; 
R.  Mohlenbrock  12571. 

Scirpus  lineatus  Michx.  Moist  soil,  occasional;  W.  Hardy  3. 

Scirpus  validus  Valil.  In  water,  occasional;  W.  Stieglitz  21/. 

Araceae  Necker. — Arum  Family 

Acorus  calamus  L.  Sweetflag.  Wolf  Lake;  edge  of  Wolf  Lake  Swamp,  occa¬ 
sional;  R.  Mohlenbrock  13002. 

Arisaenia  dracontium  (L.)  Schott.  Green  Dragon.  Moist  woods,  common;  R. 
Mohlenbrock  12872. 

Arisaema  triphyllum  (L.)  Schott.  Jack-in-the-Pulpit.  Woods,  common;  R. 
Mohlenbrock  12871. 

Peltandra  virginica  (L.)  Kunth.  Wolf  Lake,  rare;  J.  Swayne  111/1. 

Lemnaceae  Dumort. — Duckweed  Family 

Lenina  minor  L.  Duckweed.  Floating  in  swamps,  common;  R.  Mohlenbrock 
12570. 

Lenina  perpusilla  Torr.  Duckweed.  Floating  in  swamps,  rare;  R.  Mohlenbrock 
13003. 

Lemna  trisulca  L.  Duckweed.  Floating  in  swamps,  occasional;  W.  Stieglitz  15. 

Lemna  valdiviana  Phil.  Wolf  Lake,  rare,  November  4,  1950.  Swayne  s.n. 

Spirodela  polyrhiza  (L.)  Schleid.  Floating  in  swamps  and  lakes,  common; 
R.  Mohlenbrock  13001/. 

Wolffia  Columbiana  Karst.  Larue  Swamp,  common;  R.  Mohlenbrock  12507. 

Wolffia  papulifera  C.  H.  Thompson.  Wolf  Lake,  rare;  J.  Swayne  1890. 

Wolff iella  floridana  (J.  D.  Sm.)  C.  H.  Thompson.  Lakes  and  swamps,  occa¬ 
sional;  J.  Sivayne  1163. 
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Com melin aceae  Reichenb. — Spiderwort  Family 
Commelina  communis  L.  Dayflower.  Wet  ground,  common;  R.  Mohlenbrock 
12561. 

Commelina  diffusa  Burm.  f.  Wet  ground,  common;  R.  Mohlenbrock  13905. 
Commelina  virginica  L.  Wet  ground  in  woods,  occasional;  R.  Mohlenbrock 
12508. 

Tradescantia  ohiensis  Raf.  Along  road,  occasional;  R.  Mohlenbrock  13001. 
Tradescantia  subaspera  Ker-Gawler.  Moist  woods,  common;  R.  Sands  d  D. 
Drapalik  436. 

Tradescantia  virginiana  L.  Moist  ground,  common;  R.  Mohlenbrock  12586. 

Pontederi aceae  Dumort. — Pickerelweed  Family 
Heteranthera  reniformis  Ruiz  &  Pavon.  Mud  Plantain.  Shallow  water,  very 
rare. 

Pontederia  cordata  L.  Pickerelweed.  Wolf  Lake,  rare;  J.  Swayne  111/3. 

Juncaceae  (Vent.)  Dumort. — Rush  Family 
Juncus  acuminatus  Michx.  Wet  ground,  common;  R.  Mohlenbrock  12509. 

J  uncus  canadensis  J.  Gay.  Wet  ground,  occasional;  R.  Mohlenbrock  12588. 
Juncus  dudleyi  Wieg.  Fields,  occasional;  R.  Mohlenbrock  12870. 

Juncus  effusus  L.  Shallow  water  and  edges  of  swamps,  common;  W.  Stieglitz 
-55. 

Juncus  interior  Wieg.  Along  road,  rare;  R.  Mohlenbrock  12663. 

Juncus  tenuis  Willd.  Fields  and  roadsides,  common;  R.  Hatcher  s.n. 

Luzula  bulbosa  (Wood)  Rydb.  Wood  Rush.  Woods,  occasional;  R.  Mohlenbrock 
12592. 

Luzula  echinata  (Small)  Hermann.  Dry  woods,  occasional;  R.  Mohlenbrock 
121,28. 

Luzula  multiflora  (Retz.)  Lejeune.  Woods,  common;  R.  Mohlenbrock  12661,. 

Liliaceae  Adans. — Lily  Family 

Allium  canadense  L.  Wild  Garlic.  Roadsides  and  fields,  common;  R.  Mohlen- 
hrock  12660. 

Allium  cepa  L.  Onion.  Escaped  along  roadside,  found  once. 

Allium  stellatum  Ker.  Hill  prairies,  limestone  bluffs,  occasional;  R.  Hatcher 

7 06. 

*  Allium  vineale  L.  Field  Garlic.  Waste  ground,  common;  J.  Voigt  871. 

*  Asparagus  officeinalis  L.  Asparagus.  Waste  ground,  occasional;  J.  Voigt  91/6. 
Camassia  scilloides  (Raf.)  Cory.  Wild  Hyacinth.  Limestone  Ruffs,  occasional; 

W.  Bailey  &  J.  Swayne  362. 

Erythronium  albidum  Nutt.  White  Dog’s-tooth  Violet.  Moist  woods,  common; 
R.  Mohlenbrock  12589. 

Erythronium  americanum  Ker.  Yellow  Dog’s-tooth  Violet,  Woods,  occasional; 
R.  E.  Sands  18. 

*Hemerocallis  fulva  L.  Day  Lily.  Along  roads,  occasional;  J.  Voigt  1009. 
Lilium  michiganense  Farwell.  Turk’s-cap  Lily.  Woods,  occasional;  R.  Mohlen¬ 
brock  12591. 

Norhoscordum  bivalve  (L.)  Britt.  Dry  woods,  occasional;  R.  Mohlenbrock  957. 
*Ornithogalum  umbellatum  L.  Star-of-Bethlehem.  Along  roads,  occasional;  R. 
Molilenbi  ock  12563. 

Polygonatum  canaliculatum  (Muhl.)  Pursh.  Solomon’s  Seal.  Woods,  common; 
R.  Mohlenbrock  s.n. 

Smilacina  racemosa  (L.)  Desf.  False  Solomon’s  Seal.  Woods,  common;  R. 
M  o  h  len  b  rock  1 255 6. 

Smilax  bona-nox  L.  Fringed  Greenbrier.  Exposed  limestone  bluffs,  occasional; 
R.  Mohlenbrock  13901,. 

Smilax  glauca  Walt.  Sawbrier.  Woods,  common;  W.  Bailey  d  J.  Swayne  2305. 
Smilax  hispida  Muhl.  Common  Greenbrier.  Woods,  occasional;  R.  Mohlenbrock 
12590. 

Smilax  lasioneura  Hook.  Woods,  common;  J.  Voigt  1007. 

Smilax  pulverulenta  Michx.  Woods,  occasional;  R.  Mohlenbrock  12560. 

Smilax  rotundifolia  L.  Woods,  occasional;  R.  Mohlenbrock  12572. 

Trillium  gleasonii  Fern.  Mesic  slopes  and  ledges,  occasional;  J.  Ozment. 
Trillium  recurvatum  Beck.  Purple  Trillium.  Woods,  common;  J.  Voigt  11,21,. 
Tritium  sessile  L.  Sessile  Trilium.  Moist  woods,  rare;  R.  Mohlenbrock  12661. 
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Trillium  viride  Beck.  Green  Trillium.  Woods,  rare;  H.  Allies  &  G.  Winterringer 
7 061. 

Uvularia  grandiflora  Sm.  Bellwort.  Moist  woods,  occasional;  J.  Voigt  529. 
Uvularia  sessilifolia  L.  Rich  woods,  rare;  R.  Mohlenbrock  s.n. 

Dioscoreaceae  Lindl. — Yam  Family 

Dioseorea  quaternata  (Walt.)  J.  F.  Gmel.  Woods,  occasional;  R.  Mohlenbrock 
12 ',29. 

Dioseorea  villosa  L.  Woods,  common;  R.  Mohlenbrock  13000. 

Amaryllidaceae  Lindl. — Amaryllis  Family 
Agave  virginica  L.  Dry  bluff  tops,  occasional;  J.  Ozment. 

Hypoxis  hirsuta  (L.)  Corville.  Woods,  occasional;  R.  Mohlenbrock  12593. 

* Narcissus  pseudo-narcissus  L.  Daffodil.  Roadsides,  occasional;  R.  Mohlenbrock 
12869. 


Iridaceae  Bindley — Iris  Family 

Iris  cristata  Ait.  Wooded  slope  near  Wolf  Lake,  May  15,  1932;  H.  Pepoon  <X- 
Rarrett  3578. 

Iris  fulva  Ker.  Red  Iris.  Swamps,  occasional;  J.  Voigt  1378. 

Iris  shrevei  Small.  Blue  Iris.  Wet  ground,  common;  R.  Mohlenbrock  12557. 
Sisyrinchinm  albidum  Raf.  Fields,  common;  R.  Mohlenbrock  12558. 
Sisyrinchium  angustifolium  Mill.  Wet  ground,  common;  R.  Mohlenbrock  12999. 

Orciiidaceae  Lindl. — Orchard  Family 
Corallorhiza  wisteriana  Conrad.  Dry  woods,  rare;  R.  Mohlenbrock  s.n. 
Cypripedium  parviflorum  Salisb.  Yellow  Ladie’s-slipper.  Rich  woods,  rare;  W. 
Drews  s.n. 

Spiranthes  ovalis  Lindl.  Woods,  rare;  R.  Mohlenbrock  8982. 

Subclass  2.  DICOTYLEDONEAE  (Juss.)  DC. 

Saururaceae  Lindl. — Lizard-tail  Family 
Saururus  cernuus  L.  Lizard-tail.  Wet  ground,  common;  R.  Mohlenbrock  8873. 

Salicaceae  Lindl. — Willow  Family 

Populus  deltoides  Marsh.  Cottonwood.  Low  ground,  common;  R.  Mohlenbrock 
121,30. 

Populus  heterophylla  L.  Swamp  Cottonwood.  Edge  of  swamps,  occasional;  R. 
Mohlenbrock  121,31. 

Salix  interior  Rowlee.  Sandbar  Willow.  Wolf  Lake,  occasional;  R.  Mohlenbrock 

12591.. 

Salix  nigra  Marsh.  Black  Willow.  Low  ground,  common;  R.  Mohlenbrock  12998. 

Juglandaceae  Horan. — Walnut  Family 
Carya  aquatica  (Michx.)  Nutt.  Swamp,  rare;  R.  Mohlenbrock  s.n. 

Carya  cordiformis  (Wangenh.)  K.  Koch.  Woods,  common;  R.  Mohlenbrock 
12573. 

Carya  glabra  (Mill.)  Sweet.  Usually  dry  woods,  common;  R.  Mohlenbrock 

12561.. 

Carya  illinoensis  (Wangenh.)  K.  Koch.  Low  ground,  occasional;  R.  Mohlen¬ 
brock  12783. 

Carya  laciniosa  (Michx.)  Loud.  Low  ground,  occasional;  R.  Mohlenbrock  12565. 
Carya  ovalis  (Wangenh.)  Sarg.  Small-fruited  Hickory.  Woods,  occasional; 
R.  Mohlenbrock  13903. 

Carya  ovata  (Mill.)  K.  Koch.  Shagbark  Hickory.  Woods,  common;  R.  Mohlen¬ 
brock  12559. 

Carya  texana  Bucki.  Black  Hickory.  Exposed  bluffs,  occasional;  R.  Mohlenbrock 
12662. 

Carya  tomentosa  (Poir)  Nutt.  Mockernut  Hickory.  Woods,  common; 
R.  Mohlenbrock  278. 

Juglans  cinerea  L.  Butternut.  Woods,  occasional;  R.  Mohlenbrock  12559. 
Juglans  nigra  L.  Woods,  common;  R.  Mohlenbrock  13005. 

Betulaceae  Agardh — Birch  Family 

Betula  nigra  L.  River  Birch.  Low  ground,  occasional;  R.  Mohlenbrock  121,32. 
Carpinus  caroliniana  Walt.  Blue  Beech.  Woods,  common;  R.  Mohlenbrock  12566. 
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Corylus  americana  Walt.  Hazelnut.  Thickets,  common;  J.  Voigt  1/62. 

Ostrya  virginiana  (Mill.)  K.  Koch.  Hop  Hornbeam.  Woods,  common;  R , 
Mohlenbrock  12569. 

Fagaceae  A.  Br. — Beech  Family 

Fagus  grandifolia1  Ehrh.  Beech.  Moist  woods,  common;  R.  Mohlenbrock  12595 - 

Quercus  alba  L.  White  Oak,  Woods,  common;  R.  Mohlenbrock  12997. 

Quercus  bicolor  Willid.  Swamp  White  Oak.  Low  ground,  occasional;  R.  Mohlen¬ 
brock  12567. 

Quercus  coccinea  Muench.  Scarlet  Oak.  Woods  on  cherty  slopes,  occasional; 
R.  Mohlenbrock  1257 If. 

Quercus  falcata  Michx.  Spanish  Oak.  Woods,  occasional;  R.  Mohlenbrock  12585 , 

Quercus  imbricaria  Michx.  Shingle  Oak.  Usually  low  ground,  common;  R, 
Mohlenbrock  12658. 

Quercus  lyrata  Walt.  Overcup  Oak.  Low  ground,  rare;  R.  Mohlenbrock  12996, 

Quercus  macrocarpa  Michx.  Bur  Oak.  Lowland  woods,  occasional;  R.  Mohlen¬ 
brock  12568. 

Quercus  marilandica  Muench.  Black  Jack  Oak.  Dry  upland  woods,  common; 
J.  Voigt  982. 

Quercus  michauxii  Nutt.  Basket  Oak.  Edge  of  swamps,  occasional;  R.  Mohlen¬ 
brock  12575. 

Quercus  muhlenbergii  Engelm.  Yellow  Chestnut  Oak.  Woods,  common;  R. 
Mohlenbrock  12581/. 

Quercus  palustris  Muench.  Pin  Oak.  Low  ground,  common;  R.  Mohlenbrock 
12533. 

Quercus  rubra  L.  Red  Oak.  Woods,  common;  R.  Mohlenbrock  12576. 

Quercus  shumardii  Buckl.  Shumard  Oak.  Woods,  occasional. 

Quercus  stellata  Wang.  Post  Oak.  Upland  woods,  common;  J.  Voigt  772. 

Quercus  velutina  Lam.  Black  Oak.  Woods,  common;  J.  Voigt  1021. 

Ulmaceae  Mirbel — Elm  Family 

Celtis  laevigata  Willd.  Sugarberry.  Edge  of  swamps  and  lakes,  common;  R, 
Mohlenbrock  12995. 

Celtis  occidentalis  L.  Hackberry.  Woods,  occasional;  R.  Mohlenbrock  12583. 

Celtis  pumila  Pursh.  Dwarf  Hackberry.  Dry  exposed  bluffs,  rare;  R.  Mohlen¬ 
brock  12721/. 

XJlmus  alata  Michx.  Winged  Elm.  Dry  upland  woods,  common;  J.  Voigt  1/27. 

JJlnius  americana  L.  American  Elm.  Woods,  common;  J.  Voigt  1020. 

XJlmus  rubra  Muhl.  Slippery  Elm.  Woods,  common;  J.  Voigt  980. 

Moraceae  Lindl. — Mulberry  Family 

Morus  rubra  L.  Red  Mulberry.  Woods,  common;  R.  Mohlenbrock  12991/. 

Urticaceae  Reichenb. — Nettle  Family 

Boehmeria  cylindrica  (L.)  Sw.  False  Nettle.  Low  woods,  common;  J.  Voigt  s.n. 

Laportea  canadensis  (L. )  Gaudich.  Wood  Nettle.  Woods,  common;  R.  Mohlen¬ 
brock  12657. 

Parietaria  pennsylvanica  Muhl.  Pellitory.  Woods,  common;  R.  Mohlenbrock  & 
J.  Voigt  s.n. 

Pilea  opaca  (Lunell)  Rydb.  Moist  sink,  base  of  cherty  slope,  rare;  R.  Mohlen¬ 
brock  9223. 

Pilea  pumila  (L.)  A.  Gray.  Clearweed.  Wet  ground,  common;  W.  Stieglitz  29. 

Lorantiiaceae  D.  Don — Mistletoe  Family 

Phoradendron  flavescens  (Pursh)  Nutt.  Mistletoe.  In  trees,  rare;  R.  Mohlen¬ 
brock  s.n. 


Aristolochiaceae  Juss. — Birthwort  Family 
Aristolochia  serpentaria  L.  Virginia  Snakeroot.  Rich  woods,  occasional;  R. 
Mohlenbrock  12577. 

Asarum  reflexum  Bickn.  Wild  Ginger.  Rich  woods,  common;  J.  Voigt  977. 

Polygonaceae  Horan. — Buckwheat  Family 
*Polygonum  aviculare  L.  Common  Knotweed.  Waste  ground,  common;  R. 
Mohlenbrock  12578. 

Polygonum  coccineum  Muhl.  Edge  of  swamps,  occasional;  R.  Sands  &  D. 
Drapalik  1/23. 
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Polygonum  convolvulus  L.  Black  Bindweed.  Fields  and  woods,  occasional;  J. 
Voigt  1121. 

Polygonum  cristatum  Engelm.  &  Gray.  Tains  slopes,  occasional;  J.  Ozment. 
Polygonum  erectum  L.  Waste  ground,  rare;  W.  Bailey  d-  J.  Swayne  3051. 
Polygonum  fluitans  A.  Eaton.  Swamps,  rare;  W.  Stieglitz  35. 

Polygonum  hydropiper  L.  Water-pepper.  Wet  ground,  occasional;  W.  Bailey  & 
J.  Swayne  3035. 

Polygonum  hydropiperoides  Michx.  Mild  Water-pepper.  Wet  ground  or  in 
shallow  water,  common;  W.  Bailey  &  J.  Swayne  3034. 

Polygonum  lapathi folium  L.  Moist  soil,  common;  G.  Fuller  21/8. 

Polygonum  longistylum  Small.  Talus  slope,  rare;  J.  Ozment. 

Polygonum  opelousanum  Riddell.  Swampy  woods,  rare;  W.  Stieglitz  27. 
Polygonum  pennsylvanicum  L.  Smartweed.  Moist  soil,  common;  J.  Voigt  1072. 
Polygonum  persicaria  L.  Lady’s  Thumb.  Waste  ground,  common;  B.  Mohlen¬ 
brock  12579. 

Polygonum  punetatum  Ell.  Water  Smartweed.  Wet  ground,  common;  R. 
Mohlenbrock  12993. 

Polygonum  ramosissimum  Michx.  Bushy  Knotweed.  Edge  of  pond,  rare;  S. 
Abney  &  G.  Dillard  192. 

Polygonum  sagittatum  L.  Edge  of  swamp,  occasional;  W.  Bailey  &  J.  Swayne 

2488. 

Polygonum  scandens  L.  False  Buckwheat.  Woods,  occasional;  J.  Voigt  1513. 
Polygonum  setaceum  Baldw.  Edge  of  swamps,  occasional;  W.  Bailey  &  J. 
Swayne  2773. 

Polygonum  virginianum  L.  Virginia  Knotweed.  Woods,  common;  R.  Mohlen- 
brock  12580. 

Rumex  acetosella  L.  Field  Sorrel.  Sour  Dock.  Fields,  common;  R.  Mohlenbrock 

919. 

Rumex  altissimus  Wood.  Pale  Dock.  Moist  soil,  common;  R.  Mohlenbrock 
12992. 

*  Rumex  crispu.s  L.  Curly  Dock.  Waste  ground,  common;  J.  Voigt  1133. 

Rumex  verticillatus  L.  Swamp  Dock.  Wet  ground,  common;  W.  Stieglitz  10. 

Chenopodiaceae  Dumort. — Goosefoot  Family 
^Chenopodium  album  L.  Lamb’s  Quarter.  Waste  ground,  common;  R.  Mohlen¬ 
brock  13902. 

^Chenopodium  a'mbrosioides  L.  Mexican  Tea.  Waste  ground,  occasional;  J. 
Voigt  922. 

Chenopodium  boscianum  Moq.  Woods,  common;  R.  Mohlenbrock  1/71/5. 
Chenopodium  hybridum  L.  Talus  slope,  occasional;  J.  Ozment. 

Chenopodium  standleyanum  Aellen.  Mesic  slopes  and  ledges,  occasional;  J. 
Ozment. 


Amaranthaceae  J.  St.  Hil. — Amaranth  Family 
Acnida  altissima  (Riddell)  Riddell.  Tall  Water-hemp.  Wet  ground,  occasional; 
W.  Bailey  &  J.  Swayne  3228. 

Acnida  subnuda  (S.  Wats.)  Standi.  Along  Hutchins  Creek,  rare;  R.  Mohlen¬ 
brock  12656. 

Acnida  tamariscina  (Nutt.)  Wood.  Moist  soil,  occasional;  R.  Sands  208. 
Amaranthus  albus  L.  Tumbleweed.  Waste  ground,  occasional;  J.  Voigt  s.n. 
*Amaranthus  graecizans  L.  Waste  ground,  occasional;  J.  Voigt  s.n. 
Amaranthus  hybridus  L.  Green  Amaranth.  Waste  ground,  common;  R.  Sands 

250. 

Amaranthus  retroflexus  L.  Rough  Pigweed.  Waste  ground,  common;  R.  Sands 

s.n. 

*  Amaranthus  spinosus  L.  Spiny  Pigweed.  Waste  ground,  common;  R.  Sands  s.n. 
*Froelichia!  gracilis  (Hook.)  Moq.  Waste  ground,  rare;  R.  Sands  21/5. 

Phytolaccaceae  Lindl. — Pokeweed  Family 
Phytolacca  americana  L.  Pokeweed.  Woods  and  waste  places,  common;  J.  Voigt 

.884. 

Aizoaceae  A.  Br. — Carpetweed  Family 
*Mollugo  verticillata  L.  Carpetweed.  Waste  ground,  common;  J.  Voigt  909. 
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Illecebraceae  Lincll. 

Paronychia  fastigiata  (Raf.)  Fern.  Dry  ledges,  rare;  J.  Ozment. 

Portulacaceae  Reichenb. — Purslane  Family 
Claytonia  virginica  L.  Spring  Beuty.  Woods,  common;  R.  Mohlenbroek  12991* 
*Portulaca  oleracea  L.  Purslane.  Waste  ground,  common;  R.  Mohlenbroek  13901* 

Caryophyllaceae  Reichenb. — Pink  Family 
*Agrostemma  githago  L.  Corn  Cockle.  Fields,  common;  J.  Voigt  1222. 
*Cerastium  brachypodum  (Engelm.)  B.  L.  Robins.  Waste  ground,  occasional; 
5V.  Bailey  d-  J.  Sivayne  2081. 

Gerastium  nutans  Raf.  Nodding  Mouse-ear  Chickweed.  Moist  ground,  common; 
R.  Mohlenbroek  12381. 

*Cerastium  viscosum  L.  Waste  ground,  common;  J.  Voigt  1221. 

*Cerastium  vulgatum  L.  Common  Mouse-ear  Chickweed.  Waste  ground,  com¬ 
mon;  R.  Mohlenbroek  12053. 

Dianthus  armeria  L.  Deptford  Pink.  Waste  ground,  occasional;  J.  Voigt  1137 * 
Silene  antirrhina  L.  Sleepy  Catchfly.  Fields,  common;  R.  Mohlenbroek  12723 * 
Silene  stellata  (L.)  Ait.  f.  Starry  Champion.  Woods,  common;  R.  Mohlenbroek 
12990. 

*Stellaria  media  (L.)  Vill.  Common  Chickweed.  Waste  ground,  common;  J * 
Voigt  1301. 

Magnoliaceae  J.  St.  Hil. — Magnolia  Family 
Liriodendron  tulipifera  L.  Tulip  Tree.  Woods,  common;  R.  Mohlenbroek  121/33 * 
Magnolia  acuminata  L.  Cucumber  Tree.  Moist  woods,  occasional;  R.  Evers- 
15  1/97. 


Annonaceae  R.  Br. — Custard-apple  Family 

Asimina  triloba  (L.)  Dunal.  Pawpaw.  Woods,  common;  J.  Voigt  101/3. 

Ranunculaceae  Juss. — Buttercup  Family 

Actaea  alba  (L.)  Mill.  Doll’s  Eyes.  Moist  woods,  occasional;  J.  Voigt  1280. 

Anemone  virginiana  L.  Tall  Anemone.  Woods,  common;  R.  Mohlenbroek  12651/* 

Anemonella  thalictroides  (L.)  Spach.  Woods,  common;  R.  Mohlenbroek  12590 . 

Aquilegia  canadensis  L.  Wild  Columbine.  Woods  and  limestone  crevices,  com¬ 
mon;  R.  Mohlenbroek  12665. 

Clematis  virginiana  L.  Virgin’s  Bower.  Moist  ground,  occasional;  G.  Fuller  230 . 

Delphinium  tricorne  Michx.  Dwarf  Larkspur.  Rich  woods,  common;  J.  Voigt 
11/25.  The  white-flowering  form  occurs  occasionally. 

Isopyrum  biternatum  (Raf.)  Torr.  &  Gray.  False  Rue  Anemone.  Moist  woods^ 
common;  R.  Mohlenbroek  12989. 

Myosurus  minimus  L.  Mousetail.  Waste  ground,  common;  R.  Mohlenbroek 
12582. 

Ranunculus  abortivus  L.  Small-flowered  Buttercup.  Moist  soil,  common;  R. 
Mohlenbroek  12597. 

Ranunculus  fascicularis  Muhl.  Tufted  Buttercup.  Woods,  common;  R.  Mohlen- 
brock  s.n. 

Ranunculus  flabellaris  Raf.  Swamps  and  lakes,  occasional;  R.  Sands  522. 

Ranunculus  hispidus  Michx.  Bristly  Buttercup.  Woods,  common;  R.  Mohlen- 
brock  1876. 

Ranunculus  laxicaulis  (Torr.  &  Gray)  Darby.  Edge  of  swamps  and  lakes,  oc¬ 
casional;  R.  Mohlenbroek  12653. 

Ranunculus  micranthus  Nutt.  Woods,  occasional;  R.  Mohlenbroek  12598. 

Ranunculus  pusillus  Poir.  Wet  ground,  rare;  R.  Mohlenbroek  12868. 

Ranunculus  recurvatus  Poir.  Moist  woods,  occasional;  R.  Mohlenbroek  12988 .. 

* Ranunculus  sardous  Crantz.  Low  fields,  common;  J.  Voigt  1330. 

Ranunculus  septentrionalis  Poir.  Marsh  Buttercup.  Wet  ground,  common;  •/. 
Voigt  1/61/. 

Thalictrum  dioichm  L.  Meadow-rue.  Rich  woods,  rare;  J.  Ozment. 

Cabombaceae  A.  Gray — Watersliield  Family 

Brasenia  schreberi  Gmel.  Watersliield.  Swamps,  rare;  W.  Bailey  <(•  J.  Swayne 
25)3)1/. 

Cabomba  caroliniana  A.  Gray.  Wolf  Lake,  occasional;  W.  Bailey  <6  J.  Swayne- 
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Nelumbonaceae  Lincll. — Lotus  Family 

Nelumbo  lutea  (Willd.)  Pers.  American  Lotus.  Swamps  and  lakes,  common; 
W.  Stieglitz  1,7. 


Nympiiaeaceae  DC. — Waterlily  Family 

Nuphar  advena  (Ait.)  Yellow  Pond-lily.  Swamps  and  ponds,  common;  W. 
Stieglitz  23. 

Nymphaea  odorata  Ait.  Fragrant  Waterlily.  Swamps,  rare;  R.  Mohlenbrock 
12599. 


Ceratophyllaceae  A.  Gray — Hornwort  Family 
Ceratophyllum  demersum  L.  Hornwort.  Swamps  and  lakes,  occasional;  W. 
Stieglitz  18. 


Berberidaceae  Torr.  &  Gray — Barberry  Family 
Caulophyllum  thalictroides  (L.)  Michx.  Blue  Cohosh.  Woods,  occasional;  R. 
Mohle?il)rock  121,3), \. 

Podophyllum  peltatum  L.  Mayapple.  Woods,  common;  R.  Mohlenbrock  12867 . 

Menispermaceae  DC. — Moonseed  Family 
Calycocarpum  lyonii  (Pursh)  Nutt.  Cupseed,  Rich  woods,  rare;  R.  Mohlenbrock 
12600. 

Cocculus  carolinus  (L.)  DC.  Carolina  Snailseed.  Edge  of  rich  woods,  occa¬ 
sional;  Jeffrey  s.n. 

Menispermum  canadense  L.  Moonseed.  Woods,  common;  R.  Mohlenbrock  12725. 

Lauraceae — Laurel  Family 

Lindera  benzoin  (L.)  Blume.  Spice-hush.  Mesic  slopes  and  ledges,  occasional; 
J.  Ozment. 

Sassafras  albidum  (Nutt.)  Nees.  Sassafras.  Rocky  slopes  and  ledges,  occa¬ 
sional;  J.  Ozment. 

Papaveraceae  B.  Juss. — Poppy  Family 
Sanguinaria  canadensis  L.  Bloodroot.  Woods,  common;  J.  Voigt  1,65. 
Stylophorum  diphyllum  (Michx.)  Nntt,  Cleandine  Poppy.  Rich  woods,  occa¬ 
sional;  R.  Mohlenbrock  905. 

Fumariaceae  DC. — Fumitory  Family 

Corydalis  flavula  (Raf.)  DC.  Pale  Corydalis.  Low  ground,  common;  R.  Sands 
17. 

Dicentra  canadensis  (Goldie)  Walp.  Squirrel  Corn.  Rich  woods,  rare;  R. 
Mohlenbrock  s.n. 

Dicentra  cucullaria  (L.)  Bernh.  Dutchman’s  Breeches.  Woods,  common;  R. 
Mohle7ibrock  s.n. 


Cruciferae  Juss.— Mustard  Family 

*Arabidopsis  thaliana  (L.)  Heynh.  Mouse-ear  Cress.  Waste  ground,  common; 
J.  Voigt  1537. 

Arabis  laevigata  (Muhl.)  Poir.  Smooth  Rockcress.  Woods,  common;  W.  Bailey 
dc  J.  Swayne  2085. 

Arabis  virginica  (L.)  Poir.  Waste  ground,  common;  R.  Mohlenbrock  12650. 
*Arm07'acia  rusticana  (Lam.)  Gaertn.  Horseradish.  Waste  ground,  rare;  J. 
Voigt  1737. 

*Barbarea  vulgaris  R.  Br.  Yellow  Rocket.  Waste  ground,  common;  R.  Mohlen¬ 
brock  121,27. 

*Brassica  juncea  (L.)  Cosson.  Indian  Mustard.  Waste  ground,  occasional;  R. 
Mohlenbrock  12726. 

*Brassica  kaber  (DC.)  L.  C.  Wheeler.  Field  Mustard.  Waste  ground,  common; 
R.  Mohlenbrock  1251,3. 

*Brassica  nigra  (L.)  Koch.  Exposed  ledge,  rare;  J.  Ozment. 

*Capsella  bursa-pastoris  (L. )  Medic.  Shepherd’s  Purse.  Waste  ground,  common; 
R.  Mohlenbrock  s.n. 

Cardamine  arenicola  Britt.  Small  Bittercress.  Moist  soil,  common;  W.  Bailey 
tC-  J.  Swayne  1899. 

Cardamine  bulbosa  (Schreb.)  BSP.  Bulbous  Bittercress.  Low  woods,  common; 
W.  Bailey  ct-  J .  Swayne  31,2. 
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Cardamine  pennsylvanica'  Muhl.  Wet  soil,  common;  5V.  Bailey  ct-  J.  Swayne  2082. 
Dentaria  laciniata  Muhl.  Toothwort.  Woods,  common;  J.  Voigt  1430. 
Descurainia  brachycarpa  (Richards.)  O.  E.  Schulz.  Tansy  Mustard.  Along  roads, 
common;  W.  Bailey  &  J.  Swayne  2081. 

Braba  brachycarpa  Nutt.  Waste  ground,  common;  R.  Mohlenbrock  12666. 
Iodanthus  pinnatifidus  (Michx.)  Steud.  Rich  woods,  rare;  J.  Adams  s.n. 
Lepidium  campestre  (L.)  R.Br.  Field  Peppercress.  Waste  ground,  occasional; 
R.  Mohlenbrock  12601. 

Lepidium ,  virginicum  L.  Common  Peppergrass.  Waste  ground,  common;  R. 
Mohlenbrock  12727. 

Nasturtium  officinale  R.Br.  Watercress.  Standing  water,  occasional;  W. 
Stic  glitz  31. 

Neobeckia  aquatica  (A.  Eaton)  Greene.  Swamps,  occasional;  W.  Bailey  &  J. 
Sicayne  2302. 

Rorippa  islandica  (Oeder)  Borbas.  Marsh  Yellow  Cress.  Wet  ground,  com¬ 
mon;  R.  Mohlenbrock  12667. 

Rorippa  sessiliflora  (Nutt.)  Hitclic.  Wet  ground,  common;  W.  Bailey  rf  J. 
Swayne  018. 

*  Sisymbrium  officinale  (L. )  Scop.  Hedge  Mustard.  Waste  ground,  common; 
■J .  Voigt  1666. 

*Thlaspi  arvense  L.  Field  Pennycress.  Waste  ground,  common;  W.  Bailey  A  J. 
Swayne  367. 


Crassulaceae  DC. — Stonecrop  Family 

Penthorum  sedoides  L.  Ditch  Stonecrop.  Wet  ground,  common;  R.  Mohlenbrock 
12631. 

Saxifrag 4ceae  DC.— Saxifrage  Family 

Heuchera  hirsuticaulis  (Wheelock)  Rydb.  Alumroot.  Rocky  woods,  common; 
R.  Mohlenbrock  13000. 

Escalloniaceae  Dumort.— Escallonia  Family 
Itea  virginica  L.  Virginia  Willow.  Swamps,  rare;  W.  Bailey  &  J.  Swayne  3046. 

Hydrangea ceae  Dumort. — Hydrangea  Family 
Hydrangea  arborescens  L.  Wild  Hydrangea.  Woods,  common;  R.  Mohlenbrock 
12087. 


Grossulariaceae  Dumort. — Gooseberry  Family 
Ribes  cynosbati  L.  Pasture  Gooseberry.  Woods,  occasional;  W.  Bailey  tf-  •/. 
Swayne  s.n. 


Hamamelidaceae  Lindl. — Witch-hazel  Family 
Liquidambar  styraciflua  L.  Sweet  Gum.  Low  ground,  common;  R.  Mohlenbrock 
12722. 

Platanaceae  Lindl. — Plane-tree  Family 
Platanus  occidentalis  L.  Sycamore.  Low  ground,  common;  R.  Mohlenbrock 
12866. 

Rosaceae  B.  Juss. — Rose  Family 

Agrimonia  parviflora  Ait.  Moist  ground,  common;  J.  Voigt  1470. 

Agrimonia  pubescens  Wallr.  Woods,  common;  J.  Voigt  1300. 

Agrimonia  rostellata  Wallr.  Woods,  occasional;  R.  Mohlenbrock  12986. 
Amelanchier  arborea  (Michx.  f.)  Fern.  Shadbush.  Woods,  occasional;  R. 
Mohlenbrock  12630. 

Aruncus  dioicus  (Walt.)  Fern.  Goat’s-beard.  Woods,  occasional;  R.  Mohlenbrock 
12530. 

Crataegus  crusgalli  L.  Cock-spur  Thorn.  Woods,  common;  R.  Mohlenbrock  2160. 
Crataegus  mollis  (Torr.  &  Gray)  Scheele.  Red  Haw.  Woods,  occasional;  W. 
Bailey  &  J.  Sicayne  2089. 

Crataegus  pruinosa  (Wendl.)  K.  Koch.  Woods,  common;  R.  Mohlenbrock 
12085. 

Crataegus  viridis  L.  Wet  ground,  occasional;  R.  Mohlenbrock  12558. 

Fragaria  virginiana  Duclr.  Wild  Strawberry.  Waste  ground,  occasional;  J. 
Voigt  s.n. 

Geum  canadense  Jacq.  White  Avens.  Woods,  common;  J.  Voigt  1630. 
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Geum  vernum  (Raf.)  Torr  &  Gray.  Spring  Avens.  Woods,  common;  R.  Mohlen - 
Brock  121/36. 

Malus  coronarici  (L.)  Mill.  Wild  Sweet  Crab-apple.  Woods,  occasional;  J.  Voigt 
1700. 

Malus  ioensis  (Wood)  Britt.  Iowa  Crab-apple.  Woods,  edges  of  hill  prairies, 
common;  R.  Mohlenbrock  12668. 

Potentilla  monspeliensis  L.  Rough  Cinquefoil.  Wet  ground,  occasional;  R. 
Mohlenbrock  12669. 

*Potentilla  recta  L.  Along  roads,  occasional;  R.  Mohlenbrock  12728. 

Potentilla  simplex  Michx.  Common  Cinquefoil.  Woods,  roadsides,  common;  R. 
Mohlenbrock  902. 

Prunus  americana  Marsh.  Wild  Plum.  Edges  of  woods,  occasional;  R.  Mohlen¬ 
brock  12981/. 

Prunus  hortulana  Bailey.  Wild  Goose  Plum.  Woods,  common;  R.  Mohlenbrock 
2613. 

Prunus  lanata  (Sudw.)  Mack.  &  Bush.  Woods,  occasional;  R.  Mohlenbrock 
12602. 

Prunus  mexicana  Wats.  Cherty  slopes,  limestone  woods,  occasional;  K.  Stewart. 
Prunus  serotina  Ehrh.  Wild  Black  Cherry.  Woods,  common;  J.  Voigt  1701. 
*Pyrus  communis  L.  Pear.  Along  roads,  occasional;  R.  Mohlenbrock  12983. 

Rosa  Carolina  L.  Pasture  Rose.  Woods,  along  roads,  common;  W.  Bailey  &  J. 
Swayne  21/27. 

*Rosa  multiflora  Thumb.  Multiflora  Rose.  Along  roads,  occasional;  R.  Mohlen¬ 
brock  s.n. 

Rosa  palustris  Marsh.  Swamp  Rose.  Swamps,  occasional;  W.  Bailey  A  J. 
Swayne  11/97. 

Rosa  setigera  Michx.  Climbing  Rose.  Woods,  fields,  common;  R.  Mohlenbrock 
126Jf9. 

Rubus  allegheniensis  Porter.  Woods,  along  roads,  common;  R.  Mohlenbrock 
12982. 

Rubus  flagellaris  Willd.  Dewberry.  Fields,  common;  J.  Bailey  &  J.  Swayne 
2083. 

Rubus  occidentals  L.  Black  Raspberry.  Woods,  common;  J.  Voigt  1701/. 

Rubus  ostryifolius  Rydb.  High-bush  Blackberry.  Woods,  fields,  occasional; 
R.  Mohlenbrock  s.n. 

Rubus  pennsylvanicus  Poir.  Woods,  fields,  occasional;  R.  Mohlenbrock  131(37. 
Rubus  trivialis  Michx.  Southern  Dewberry.  Fields,  occasional;  R.  Mohlenbrock 
12865. 


Leguminosae  P.  F.  Gmel. — Pea  Family 
Amphicarpa  bract eata  (L.)  Fern.  Hog  Peanut.  Woods,  common;  R.  Mohlen¬ 
brock  12871/. 

Apios  americana  Medic.  Woods,  occasional;  J.  Voigt  1703. 

Apios  priceana  B.  L.  Robins.  Wolf  Lake,  very  rare;  September  8,  1941,  G.  D. 
Fuller  66i \. 

Cassia  fasciculata  Michx.  Partridge  Pea.  Woods,  fields,  common;  J.  Voigt  1775. 
Cassia  hebecarpa  Fern.  Along  roads,  occasional;  R.  Mohlenbrock  1261/8. 
Cassia  nictitans  L.  Woods,  fields,  occasional;  R.  Mohlenbrock  12670. 

Cassia  marilandica  L.  Rich  soil  along  roads,  occasional;  R.  Sands  &  D.  Drapa- 
lik  1/22. 

Cercis  canadensis  L.  Red  Bud.  Woods,  common;  J.  Voigt  11/26. 

Crotalaria  sagittalis  L.  Rattle-box.  Dry  woods,  occasional;  R.  Mohlenbrock  s.n. 
Dalea  alopecuroides  Willd.  Wet  waste  ground,  rare;  R.  Mohlenbrock  12671. 
Desmanthus  illinoensis  (Michx.)  MacM.  Usually  low  ground,  common;  R. 
Mohlenbrock  121/38. 

Desmodium  canadense  (L.)  DC.  Hill  prairie,  occasional;  J.  Voigt  1762. 
Desmodium  canescens  (L.)  DC.  Woods,  common;  R.  Mohlenbrock  12729. 
Desmodium  ciliare  (Muhl.)  DC.  Woods,  common;  J.  Voigt  151/6. 

Desmodium  cuspidatum  (Muhl.)  Loud.  Woods,  occasional;  R.  Mohlenbrock 
1261/6. 

Desmodium  glabellum  (Michx.)  DC.  Cherty  slopes,  occasional;  R.  Mohlen¬ 
brock  12557. 

Desmodium  glutinosum  (Muhl.)  Wood.  Moist  woods,  common;  R.  Mohlenbrock 
13006. 
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Desmodium  illinoense  A.  Gray.  Hill  prairie,  common;  ,/.  Voigt  1591. 
Desmodium  laevigatum  (Nutt.)  DC.  Woods,  rare;  R.  Mohlenbrock  12875. 
Desmodium  nudiflorum  (L.)  DC.  Woods,  common;  R.  Mohlenbrock  12672. 
Desmodium  nuttallii  (Schindl.)  Schubert.  Dry  woods,  occasional;  R.  Mohlen- 
brock  13007. 

Desmodium  paniculatum  (L.)  DC.  Woods,  common;  R.  Mohlenbrock  12439. 
Desmodium  pauciflorum  (Nutt.)  DC.  Woods,  occasional;  R.  Mohlenbrock  12730. 
Desmodium  rigidum  (Ell.)  DC.  Dry  slopes  and  ledges,  occasional;  J.  Ozment. 
Desmodium  rotundifolium  DC.  Woods,  occasional;  R.  Mohlenbrock  12556. 
Desmodium  sessilifolium  (Torr.)  Torr.  &  Gray.  Woods,  occasional;  W.  Stieg- 
litz  52. 

Galactia  volubilis  (L.)  Britt.  Milk  Pea.  Dry  woods,  rare;  R.  Mohlenbrock 
12555. 

Gleditsia  aquatica  Marsh.  Water  Locust,  swamps,  occasional;  W.  Stieglitz  25. 
Gleditsia  triacanthos  L.  Honey  Locust.  Woods  and  swamps,  common;  R. 
Mohlenbrock  12646. 

Gymnocladus  dioicus  (L.)  K.  Koch.  Kentucky  Coffee  Tree.  Woods,  occasional; 
R.  Mohlenbrock  13008. 

Lespedeza  bicolor  L.  Along  levee  road;  R.  Mohlenbrock  s.n. 

Lespedeza  capitata  Michx.  Hill  prairie,  rare;  R.  Mohlenbrock  13909. 

*  Lespedeza  cuneata  (Dum.-Cours.)  G.  Don.  Waste  ground,  occasional;  R. 
Mohlenbrock.  s.n. 

Lespedeza  hirta  (L.)  Hornem.  Clierty  slopes,  occasional;  R.  Mohlenbrock 
12731. 

Lespedeza  intermedia  (S.  Wats.)  Britt.  Cherty  slopes,  occasional;  R.  Mohlen¬ 
brock  12732. 

Lespedeza  procumbens  Michx.  Trailing  Bush  Clover.  Woods,  common;  R. 
Mohlenbrock  12440 - 

*Lespedeza  stipulacea  Maxim.  Korean  Lespedeza.  Along  roads,  occasional;  R. 
Mohlenbrock  12645. 

*Lespedeza  striata  (Thunb.)  Hook.  &  Arn.  Japanese  Lespedeza.  Along  fields 
and  roads,  common;  R.  Mohlenbrock  12551,- 

Lespedeza  stuvei  Nutt.  Woods,  occasional;  W.  Bailey  &  J.  Voigt  9967. 
Lespedeza  violacea  (L.)  Pers.  Dry  woods,  occasional;  W.  Bailey  t€  J.  Swayne 
2970. 

Lespedeza  virginica  (L.)  Britt.  Cherty  slopes,  common;  G.  Fuller  269. 
*Medicago  lupulina  L.  Black  Medic.  Waste  ground,  common;  R.  Mohlenbrock 
12441- 

*Medicago  sativa  L.  Alfalfa.  Fields  and  roadsides,  common;  R.  Mohlenbrock 
12644- 

*Melilotus  alba  L.  White  Sweet  Clover.  Waste  ground,  common;  R.  Mohlen¬ 
brock  121,26. 

Melilotus  officinalis  (L.)  Lam.  Yellow  Sweet  Clover.  Waste  ground,  common; 
R.  Mohlenbrock  121,25. 

Petalostemum  candiclum  (Willd.)  Michx.  White  Prairie  Clover.  Hill  prairie, 
occasional;  R.  Mohlenbrock  12671,- 

Petalostemum  purpureum  (Vent.)  Rydb.  Purple  Prairie  Clover.  Hill  prairie, 
occasional;  R.  Mohlenbrock  &  J.  Voigt  s.n. 

Phaseolus  polystachyus  (L.)  BSP.  Wild  Kidney  Bean.  Edge  of  hill  prairie, 
occasional;  R.  Mohlenbrock  12733. 

Psoralea  psoralioides  (Walt.)  Cory.  Dry  woods,  common;  R.  Mohlenbrock 

121.42- 

*Robinia  pseudoacacia  L.  Black  Locust.  Along  roads,  common;  R.  Mohlenbrock 
12553. 

Strophostyles  helvola  (L.)  Britt.  Dry  woods,  common;  R.  Mohlenbrock  12876. 
Strophostyles  leiosperma  (Torr.  &  Gray)  Piper.  Woods,  occasional;  R.  Mohlen¬ 
brock  13910. 

Strophostyles  umbellata  (Mulil.)  Britt.  Woods,  occasional;  R.  Mohlenbrock 

121.43- 

Stylosanthes  biflora  (L.)  Taub.  Dry  woods,  common;  J.  Voigt  684- 
Tephrosia  virginiana  (L.)  Pers.  Dry  woods,  common;  J.  Voigt  686. 

Trifolium  arvense  L.  Rabbit-foot  Clover.  Fields  and  roadsides,  common;  J. 
Voigt  1682. 
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*Trifolium  dubium  Sibtli.  Little  Hop  Clover.  Waste  ground,  common;  J.  Voigt 
1537. 

Trifolium  hybridum  L.  Alsike  Clover.  Waste  ground,  common;  J.  Voigt  1803. 
Trifolium  pratense  L.  Red  Clover.  Waste  ground,  common;  J.  Voigt  1802. 
*Trifolium  procumbens  L.  Low  Hop  Clover.  Waste  ground,  common;  R.  Mohlen¬ 
brock  12731f.  < 

* Trifolium  repens  L.  White  Clover.  Waste  ground,  common;  J.  Voigt  1130. 
*Vicia  angustifolia  Reich.  Common  Vetch.  Waste  ground,  occasional;  R.  Mohlen- 
brock  12675. 

*Vicia  cracca  L.  Tufted  Vetch.  Along  roads,  rare;  J.  Voigt  1222. 

*Vicia  villosa  Roth.  Winter  Vetch.  Waste  ground,  common;  J.  Voigt  1)61. 

Geraniaceae  J.  St.  Hil. — Geranium  Family 
Geranium  carolinianum  L.  Cranesbill.  Waste  ground,  common;  R.  Mohlenbrock 

mu- 

Geranium  maculatum  L.  Wild  Geranium.  Woods,  common;  7.  Voigt  1385. 

Oxalidaceae  Lindley — Wood  Sorrel  Family 
Oxalis  cymosct  Small.  Common  Wood  Sorrel.  Waste  ground,  common;  R.  Moll - 
lenbrock  12676. 

Oxalis  stricta  L.  Upright  Wood  Sorrel.  Waste  ground,  common;  7.  Voigt  621. 
Oxalis  violacea  L.  Violet  Wood  Sorrel.  Woods  and  clierty  slopes,  common;  R. 
Mohlenbrock  13911. 


Linaceae  Dumort. — Flax  Family 

Linum  sulcatum'  Riddell.  Dry  woods,  occasional;  R.  Mohlenbrock  13009. 
Linum  virginianum  L.  Dry  woods,  rare;  R.  Mohlenbrock  12735. 

Balsaminaceae  Dumort. — Balsam  Family 
Impatiens  biflora  Walt.  Moist  soil,  common;  TV.  Stieglitz  39. 

Impatiens  pallida  Nutt.  Pale  Touch-me-not.  Moist  ground,  occasional;  R. 
Mohlenbrock  12445. 

Zygophyllaceae  Horan.— Caltrop  Family 
*Tribulus  terrestris  L.  Puncture-weed.  Waste  ground,  rare;  TV.  Weber  s.n. 

Polygalaceae  Reichenb. — Milkwort  Family 
Poly  gala  sanguinea  L.  Woods,  occasional;  7.  Voigt  1511. 

Euphorbiaceae  J.  St.  Hil. — Spurge  Family 
Acalypha  gracilens  A.  Gray.  Numerous  habitats,  common;  R.  Mohlenbrock 
12552. 

Acalypha  ostryaefolia  Riddell.  Edge  of  swamp,  occasional;  7.  Voigt  1508. 
Acalypha  rhomboidea  Raf.  Numerous  habitats,  common;  R.  Mohlenbrock  12677. 
Acalypha  virginica  L.  Three-seeded  Mercury.  Numerous  habitats,  common; 
7.  Voigt  s.n. 

Chamaesyce  humistrata  (Engelm.)  Small.  Edge  of  swamps,  common;  R.  Moh¬ 
lenbrock  12736. 

Chamaesyce  maculata  (L.)  Small.  Nodding  Spurge.  Waste  ground,  common; 
TV.  Bailey  &  7.  Sivayne  3043. 

Chamaesyce  serpens  (HBK.)  Small.  Around  Wolf  Lake,  rare;  R.  Mohlenbrock 
12877. 

Chamaesyce  supina  (Raf.)  Moldenke.  Mild  Spurge.  Waste  ground,  common; 
R.  Mohlenbrock  12643. 

Croton  capita'tus  Michx.  Sandy  soil,  occasional;  7.  Voigt  1526. 

*Croton  glandulosus  L.  Sand  Croton.  Sandy  soil,  occasional;  7.  Voigt  5762. 
Croton  monanthogynus  Michx.  Along  roads,  occasional;  R.  Mohlenbrock  13110. 
Crotonopsis  elliptica  Willd.  Open  woods  and  bluffs,  occasional;  R.  Mohlenbrock 
10211. 

Euphorbia  corollata  L.  Flowering  Spurge.  A  variety  of  habitats,  common;  7. 
Voigt  s.n. 

Euphorbia  obtusata  Pursh.  Base  of  limestone  bluffs,  rare;  R.  Mohlenbrock  2)17. 
*Poinsettia  dentata  (Michx.)  Small.  Roadsides  and  fields,  common;  R.  Mohlen¬ 
brock  12678. 

Poinsettia  heterophylla  (L.)  Klotzsch  &  Garcke.  Talus  slope,  rare;  7.  Ozment. 
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Celastraceae  Lindley — Staff-tree  Family 
Celastrus  scandens  L.  Bittersweet.  Woods,  common;  R.  Mohlenbrock  12737. 
Euonymus  atropurpureus  Jacq.  Wahoo.  Moist  woods,  occasional;  J.  Voigt  1152. 

Aquifoliaceae  (DC.)  Rich. — Holly  Family 
Ilex  decidua  Walt.  Swamp  Holly.  Edges  of  lakes  and  swamps,  common;  TV. 
Bailey  d  J.  Swayne  1023. 

Ilex  verticillata  (L.)  A.  Gray.  Winterberry.  LaRue  Swamp,  rare. 

Anacardiaceae  Lindley — Sumac  Family 
Rhus  aromatica  Ait.  Fragrant  Sumac.  Dry,  wooded  slopes,  common;  TV.  Bailey 
<f-  J.  Swayne  21,5. 

Rhus  copallina  L.  Shining  Sumac,  Fields,  along  roads,  in  woods,  common;  R. 
Mohlenbrock  121,1,6. 

Rhus  glabra  L.  Smooth  Sumac.  Fields,  along  roads  in  woods;  common;  TV. 
Bailey  &  J.  Swayne  11,81. 

Rhus  radicans  L.  Poison  Ivy.  In  a  number  of  habitats,  common. 

Staphyleaceae  (DC.)  Lindley — Bladdernut  Family 
Stapliylea  trifolia  L.  Bladdernut.  Moist,  often  calcareous,  woods,  common;  J. 
Voigt  11,07. 


Aceraceae  J.  St.  Hil. — Maple  Family 

Acer  drummondii  Hooker  &  Arnott.  Swamp  Red  Maple.  Swamps,  occasional; 
J.  Voigt  &  J.  Swayne  111,0. 

Acer  negundo  L.  Box  Elder.  Moist  soil,  common;  W.  Bailey  d  J.  Sivayne  339. 
Acer  rubruni  L.  Red  Maple.  Moist  or  dry  woods,  common;  TV.  Bailey  d  J. 
Sivayne  21,87. 

Acer  saccharinum  L.  Silver  Maple.  Low,  wet  ground;  common;  R.  Mohlenbrock 
13912. 

Acer  saccharum  Marsh.  Sugar  Maple.  Shaded  woods,  common;  R.  Mohlenbrock 
13899. 

Acer  floridanum  (Chapm.)  Pax.  Southern  Sugar  Maple.  Edge  of  swamps,  rare; 
TV.  Bailey  d  J.  Swayne  2771. 

Hippocastanaceae  Torr.  &  Gray — Horse-chestnut  Family 
Aesculus  glabra  Willd.  Ohio  Buckeye.  Calcareous  woods,  occasional. 

Rhamnaceae  (R.  Br.)  Horan. — Buckthorn  Family 
Ceanothus  americanus  L.  New  Jersey  Tea.  Woods,  common;  R.  Mohlenbrock 
121,1,7. 


Vitaceae  Lindley — Grape  Family 

Ampelopsis  arborea  (L.)  Koehne.  Pepper-vine.  Edge  of  lakes  and  swamps,  oc¬ 
casional;  R.  Mohlenbrock  12721. 

Amjielopsis  cordata  Michx.  Raccoon  Grape.  Swampy  borders,  common;  TV. 
Bailey  d  J.  Swayne  12721. 

Parthenocissus  quinquefolia  (L.)  Planch.  Virginia  Creeper.  Woods,  common; 
R.  Mohlenbrock  12878. 

Vitis  aestivalis  Michx.  Summer  Grape.  Woods,  common;  R.  Mohlenbrock  1261,2. 
Vitis  cinerea  Engelm.  Winter  Grape.  Woods,  common;  R.  Mohlenbrock  1261,1. 
Vitis  riparia  Michx.  Riverbank  Grape.  Low,  wet  ground,  common;  J.  Voigt 
1971. 

Vitis  vulpina  L.  Frost  Grape.  Woods,  common;  R.  Mohlenbrock  121,1,8. 

Tiliaceae  Juss. — Linden  Family 

Tilia  americana  L.  Basswood.  Woods,  occasional;  R.  Mohlenbrock  13111. 

Malvaceae  Necker — Mallow  Family 

Abutilon  theophrastii  Medic.  Velvet-leaf.  Waste  ground,  common;  R.  Mohlen¬ 
brock  121,1,9. 

Hibiscus  lasiocarpus  Cav.  Low,  wet  ground,  common;  W.  Stieglitz  1. 

Hibiscus  militaris  Cav.  Swampy  ground,  occasional;  R.  Mohlenbrock  13898. 
Sida  spinosa  L.  Waste  ground,  common;  TV.  Stieglitz  65. 
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Hypericaceae  Lindley — St.  John’s-wort  Family 
Ascyrum  multicaule  Michx.  St.  Andrew’s  Cross.  Woods,  occasional;  R.  Mohlen¬ 
brock  12424. 

Hypericum  drummondii  (Grev.  &  Hook.)  Torr.  &  Gray.  Dry  woods  and  fields, 
•occasional;  R.  Mohlenbrock  12679. 

Hypericum  gentianoides  (L.)  BSP.  Dry  soil,  usually  on  bluffs,  occasional; 
J.  Voigt  3162. 

Hypericum  mutilum  L.  Dwarf  St.  John’s-wort.  Along  streams  and  lakes,  com¬ 
mon;  R.  Mohlenbrock  12603. 

Hypericurn  perforatum  L.  Common  St.  John’s-wort.  Open  ground,  common; 
J.  Voigt  733. 

Hypericum  prolificum  L.  Shrubby  St.  John’s-wort.  Along  Hutchins  Creek,  oc¬ 
casional;  R.  Mohlenbrock  13897. 

Hypericum  punctatum  Lam.  Spotted  St.  John’s-wort.  Along  roads  and  in  woods, 
■common;  J.  Voigt  3060. 

Hypericum  sphaerocarpon  Michx.  Woods,  occasional;  J.  Voigt  s.n. 

Triadenum  walteri  (Gmel.)  Gleason.  Around  lakes,  rare;  W.  Stieglitz  13. 

Cistaceae  Horan. — Rockrose  Family 
Lechea  tenuifolia  Michx.  Sandy  soil,  common;  R.  Mohlenbrock  12423. 

Violaceae  DC. — Violet  Family 

Hybanthus  concolor  (Forst.)  Spreng.  Green  Violet.  Moist  woods,  common; 
J.  Voigt  141 8. 

Viola  eriocarpa  Schw.  Common  Yellow  Violet.  Woods,  common;  R.  Sands  20. 
Viola  falcata  Greene.  Woods,  common;  R.  Mohlenbrock  13112. 

Viola  missouriensis  Greene.  Woods,  occasional;  R.  Mohlenbrock  11517. 

Viola  papilionacea  Pursh.  Butterfly  Violet.  Woods,  common;  J.  Voigt  2612. 
Viola  pedata  L.  Bird-foot  Violet.  Cherty  woods,  occasional;  R.  Mohlenbrock 
13896. 

Viola  rafinesquii  Greene.  Johnny-jump-up.  In  many  habitats,  common;  R. 
Mohlenbrock  12720. 

Viola  sagittata  Ait.  Arrow-leaved  Violet.  Cherty  slopes,  rare;  R.  Mohlenbrock 
15772. 

Viola  sororia  Willd.  Woolly  Blue  Violet.  Woods,  common;  J.  Voigt  2131. 

Viola  striata  Ait.  White  Violet.  Moist  woods,  common;  J.  Voigt  1377. 

Lythraceae  Lindl. — Loosestrife  Family 
Ammannia  coccinea  Rottb.  Along  lakes  and  swamps,  occasional;  R.  Mohlen¬ 
brock  12680. 

Cuphea  petiolata  (L.)  Koehne.  Waxweed.  Moist  or  dry  open  soil,  occasional; 
J.  Voigt  2924. 

Decodon  verticillatus  (L. )  Ell.  Swamp  Loosestrife.  In  swamps,  occasional; 
VV.  Stieglitz  52. 

Lythrum  alatum  Pursh.  Loosestrife.  Moist  soil,  common;  J.  Voigt  1987. 
Peplis  diandra  Nutt.  Water  Purslane.  In  swamps,  rare. 

Rotala  ramosior  (L.)  Koehne.  Edge  of  LaRue  Swamp,  occasional;  R.  Mohlen¬ 
brock  13895. 


Passifloraceae  Dumort. — Passion-flower  Family 
Passiflora  lutea  L.  Passion-flower.  Rather  dry  woods,  occasional;  R.  Mohlen¬ 
brock  12422. 


Cactaceae  Lindley — Cactus  Family 

Opuntia  rafinesquii  Engelm.  Prickly-pear.  Sandy  soil  above  Hutchins  Creek, 
occasional;  R.  Mohlenbrock  12640. 

Cucurbitaceae  B.  Juss. — Gourd  Family 
Sicyos  angulatus  L.  Bur.  Cucumber.  Below  limestone  bluffs,  occasional;  R. 
Mohlenbrock  12719. 

Onagraceae  Dumort. — Evening  Primrose  Family 
Circaea  latifolia  Hill.  Enchanter’s  Nightshade.  Low  ground  in  woods,  common; 
J.  Voigt  3002. 

Epilobium  coloratum  Muhl.  Willow  Herb.  Moist  ground,  common;  W.  Stieglitz 

6. 
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Jusiaea  decurrens  (Walt.  DC.)  In  swamps,  rare;  W.  Bailey  &  J.  Swayne  15810. 
Jussiaea  diffusa  Forskal.  Primrose  Willow.  In  lakes  and  swamps,  common; 
J.  Voigt  7 61. 

Ludwigia  alternifolia  L.  Seedbox.  Wet  ground,  common;  W.  Stieglitz  53. 
Ludwigia  palustris  (L.)  Ell.  Edge  of  swamps,  occasional;  W.  Stieglitz  38. 
Oenothera  biennis  L.  Common  Evening  Primrose.  Numerous  habitats,  common; 
R.  Mohlenbrock  12551. 

Oenothera  laciniata  Hill.  Waste  ground,  common;  R.  Mohlenbrock  1286\ \. 
Oenothera  linifolia  Nutt.  Thread-leaved  Sundrops.  Dry  soil  on  bluffs,  rare; 
W.  Bailey  &  J.  Swayne  2519. 

*Oenothera  speciosa  Nutt.  White  Evening  Primrose.  Waste  ground,  occasional; 
R.  Mohlenbrock  12981. 

* Oenothera  strigosa  (Rydb.)  Mack  &  Bush.  Waste  ground,  rare;  R.  Mohlenbrock 
13913. 


Haloragaceae  Horan. — Water  Milfoil  Family 
Proserpinaca  palustris  L.  In  swamps,  rare;  R.  Mohlenbrock  12551. 

Callitrichaceae  Lindley — Water  Starwort  Family 
Callitriche  heterophylla  Pursli.  In  stagnant  water,  occasional;  R.  Mohlenbrock 
12681. 

Callitriche  palustris  L.  Swamps,  rare;  R.  Mohlenbrock  2714. 

Callitriche  terrestris  Raf.  Moist  ground,  common;  R.  Mohlenbrock  12738. 

Cornaceae  Link — Dogwood  Family 

Cornus  drummondii  C.  A.  Mey.  Rough-leaved  Dogwood.  Edges  of  woods,  com¬ 
mon;  J.  Voigt  1160. 

Cornus  florida  L.  Flowering  Dogwood.  Woods,  common;  W.  Bailey  d:  J . 
Sivayne  355. 

Cornus  foemina  Mill.  Swampy  woods,  occasional;  R.  Mohlenbrock  12605 • 
Cornus  obliqua  Raf.  Pale  Dogwood.  Low  woods,  occasional;  W.  Bailey  cC-  J . 

Swayne  2295 • 

Cornus  racemosa  Lam.  Gray  Dogwood.  Woods,  common;  W.  Bailey  d  J.  Swayne 

2383. 

Nyssa  sylvatica  Marsh.  Sour  Gum.  Woods,  common;  R.  Mohlenbrock  12S79. 

Araliaceae  Vent. — Ginseng  Family 

Arabia  racemosa  L.  American  Spikenard.  Moist  woods,  occasional;  R.  Mohlen¬ 
brock  13113. 

Aralia  spinosa  L.  Hercules’  Club.  Woods,  occasional;  R.  Mohlenbrock  13895 . 
Panax  quinquefolius  L.  Ginseng.  Woods,  occasional;  E.  Stadelbacher  s.n. 

Umbelliferae  Scop. — Carrot  Family 
*Anethum  graveolens  L.  Dill.  Waste  ground;  R.  Mohlenbrock  12521. 
Chaerophyllum  procumbens  (L.)  Chervil.  Waste  ground,  common;  R.  Mohlen¬ 
brock  12639. 

Chaerophyllum  tainturieri  Hook.  Hairy  Chervil.  Waste  ground,  common;  R. 
Mohlenbrock  12718. 

Cicuta  maculata  L.  Water  Hemlock.  Around  swamps,  occasional;  W.  Stieg¬ 
litz  5(9. 

Cryptotaenia  canadensis  (L.)  DC.  Honewort.  Woods,  common;  R.  Mohlenbrock 
12550. 

*Daucus  carota  L.  Wild  Carrot.  Waste  ground,  common;  J.  Voigt  2672. 
Erigenia  bulbosa  (Michx.)  Nutt.  Harbinger-of-spring.  Deep  woods,  occasional; 
R.  Mohlenbrock  12863. 

Osmorhiza  claytonii  (Michx.)  Clarke.  Sweet  Cicely.  Woods,  common;  R. 
Mohlenbrock  12980. 

Osmorhiza  longistylis  (Torr.)  DC.  Sweet  Cicelv.  Woods,  occasional;  J.  Voigt 
3013. 

Pastinaca  sativa  L.  Parsnip.  Waste  ground,  occasional;  R.  Mohlenbrock  13915- 
Polytaenia  nuttallii  DC.  Prairie  Parsley.  Hill  prairie,  rare;  J.  Voigt  2916. 
Ptilimnium  costatum  (Ell.)  Raf.  Edges  of  swamps,  rare;  R.  Mohlenbrock 
12552. 

Sanicula  canadensis  L.  Short-styled  Snakeroot.  Woods,  common;  J.  Voigt  2221. 
Sanicula  gregaria  Bickn.  Common  Snakeroot.  Woods,  common;  J.  Voigt  2220. 
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Slum  suave  Walt.  Water  Parsnip.  Around  swamps,  occasional;  R.  Mohlenhrock 
12682. 

Taenidia  integerrima  (L.)  Drude.  Along  road,  rare;  J.  Voigt  1356. 

Thaspium  trifoliatum  (L.)  A.  Gray.  Meadow  Parsnip.  Woods,  common;  R. 
Mohlenhrock  12739.  The  purple-flowered  form  also  occurs  occasionally. 

*Torilis  japonica  (Houtt.)  DC.  Hedge  Parsley.  Waste  ground,  occasional;  R. 
Mohlenhrock  12739. 


Ericaceae  DC/ — Heath  Family 

Monotropa  uniflora  L.  Indian  Pipe.  Deep  woods,  occasional;  W.  Bailey  &  J. 
Swayne  1838.  Pink  plants  sometimes  occur. 

Rhododendron  roseum  (Loisel.)  Rehd.  Cherty  slopes,  rare;  W.  Bailey  cG  ,/. 
Swayne  31/- 

Vaccinium  arhoreum  Marsh.  Farkleberry.  Dry,  cherty  woods,  common;  J. 
Voigt  1357. 

Vaccinium  vacillans  Torr.  Hill  Blueberry.  Dry,  Cherty  woods,  common;  R. 
Mohlenhrock  12605. 


Ebenaceae  Vent.— Ebony  Family 

Diospryros  virginiana  L.  Persimmon.  Woods,  common;  W.  Bailey  &  J.  Swayne 

420. 


Primulaceae  Vent. — Primrose  Family 
Androsace  occidentalis  Pursh.  On  limestone  bluffs,  rare. 

Dodecatheon  meadia  L.  Shooting  Shar.  Dry  woods,  common;  J.  Voigt  1410. 
Lysimachia  ciliata  L.  Fringed  Loosestrife.  Wet  ground,  common;  J.  Voigt  1168. 
Lysimachia  lanceolata  Walt.  Woods,  common;  R.  Mohlenhrock  12880. 
Lysimachia  nummularia  L.  Moneywort.  Around  Wolf  Lake,  occasional;  TP. 
Bailey  &  J.  Swayne  2481. 

Samolus  parviflorus  Raf.  Brookweed.  Damp  ground,  occasional;  J.  Voigt  1713. 

Oleaceae  Lindley — Olive  Family 

Forestiera  acuminata  (Miclix.)  Poir.  Wet  ground,  occasional;  R.  Mohlenhrock 
13114. 

Fraxinus  americana  L.  White  Ash.  Woods,  common;  G.  Gunning  s.n. 

Fraxinus  lanceolata  Borkh.  Green  Ash.  Shaded  woods,  common;  R.  Mohlen¬ 
hrock  13893. 

Fraxinus  pennsylvanica  Marsh.  Red  Ash.  In  swamps,  occasional;  R.  Mohlen¬ 
hrock  12420. 

Fraxinus  quadrangulata  Michx.  Blue  Ash.  Limestone  cliffs,  rare;  R.  Mohlen¬ 
hrock  11086. 

Fraxinus  tomentosa  Michx.  Pumpkin  Ash.  In  deep  swamps,  rare;  R.  Mohlen¬ 
hrock  12638. 

Loganiaceae  Dumort. — Logania  Family 
Spigelia  marilandica  L.  Indian  Pink.  Woods,  occasional;  J.  Voigt  1919. 

Gentianaceae  Dumort. — Gentian  Family 
Sahatia  angularis  (L.)  Pursh.  Moist  soil,  occasional;  R.  Mohlenhrock  12449. 

Apocynaceae  Lindley — Dogbane  Family 
Amsonia  tahernaemontana  Walt.  Around  swamps  and  lakes,  occasional;  J. 
Voigt  2320. 

Apocynum  androsaemifolium  L.  Spreading  Dogbane.  Woods,  common;  R. 
Mohlenhrock  12862. 

Apocynum  cannahinum  L.  Hemp  Dogbane.  Fields  and  woods,  common;  R. 
Mohlenhrock  12979. 

Apocynum  puhescens  R.Br.  Velvet  Dogbane.  Fields,  common;  J.  Voigt  s.n. 
Apocynum  sihiricum  Jacq.  Dogbane.  Fields,  occasional;  J.  Voigt  s.n. 
Trachelospermum  difforme  (Walt.)  A.  Gray.  Around  swamps,  rare;  R.  Mohlen¬ 
hrock  s.n. 

Asclepiadaceae  Lindley — Dogbane  Family 
Acerates  lanuginosa  (Nutt.)  Dec.  Edge  of  hill  prairie,  rare;  R.  Mohlenhrock 
13915. 

Acerates  viridiflora  (Raf.)  Eaton.  Hill  prairie,  rare;  R.  Mohlenhrock  121/53. 
Ampelamus  alhidus  (Nutt.)  Britt.  Bluevine.  Woods,  common;  J.  Voigt  31/10. 
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Asclepias  exaltata  L.  Poke  Milkweed.  Moist  woods,  rare;  R.  Mohlenbrock  s.n. 
Asclepias  incarnata  L.  Swamp  Milkweed.  Wet  ground,  common;  R.  Mohlen¬ 
brock  12683. 

Asclepias  perennis  Walt.  Wet  woods,  occasional;  W.  Bailey  A  J.  Swayne  2102 . 
Asclepias  purpurascens  L.  Purple  Milkweed.  Along  roads,  rare;  R.  Mohlenbrock 
12140. 

Asclepias  quadrifolia  Jacq.  Dry,  cherty  woods,  occasional;  R.  Mohlenbrock 
12606. 

Asclepias  syriaca  L.  Common  Milkweed.  Fields  and  roadsides,  common;  R. 
Mohlenbrock  12881. 

Asclepias  tuberose  L.  Butterfly  Weed.  Hill  prairies  and  woods,  common;  W. 
Bailey  A  J.  Swayne  1419. 

Asciepias  verticillata  L.  Horsetail  Milkweed.  Dry  woods,  occasional;  R.  Mohlen¬ 
brock  13115. 

Gonolobus  gonocarpos  (Walt.)  Perry.  Climbing  Milkweed.  Woods,  rare;  W. 
Stieglitz  61. 


Convolvulaceae  Vent. — Morning-glory  Family 

Convolvulus  americanus  (Sims)  Greene.  Fields,  common;  W.  Bailey  511. 

Convolvulus  arvensis  L.  Field  Bindweed.  Fields,  common;  R.  Mohlenbrock 
1 4011 . 

Cuscuta  compacta  Juss.  Edge  of  swamps,  common;  W.  Bailey  A  J.  Swayne  3058 - 

Cuscuta  cuspidate 1  Engelm.  Woods  and  roadsides,  common;  J.  Voigt  2828. 

Cuscuta  gronovii  Willd.  Woods,  occasional;  R.  Mohlenbrock  13892. 

Cuscuta  pentagona  Engelm.  Woods,  rare. 

Cuscuta  polygonorum  Engelm.  Edge  of  swamp,  occasional;  J.  Voigt  1815. 

*Ipomoea  hederacea  Jacq.  Ivy-leaved  Morning-glory.  Fields,  common;  R.  Mohlen¬ 
brock  12419. 

Ipomoea  lacunosa  L.  Small-flowered  Morning-glory.  Edge  of  swamps  and  lakes,, 
common;  R.  Mohlenbrock  15029. 

Ipomoea  pandurata  (L.)  Meyer.  Wild  Sweet  Potato.  Fields  and  along  roads,, 
common;  R.  Mohlenbrock  12631. 

*Ipomoea  purpurea  (L.)  Roth.  Common  Morning-glory.  Fields,  common;  W. 
Bailey  c(-  J.  Sivayne  3043. 

Quamoclit  coccinea  (L.)  Moench.  Red  Morning-glory.  Along  a  road,  rare;  W.. 
Bailey  A  J.  Sivayne  1831. 

PoLEMONiACEAE  Juss. — Phlox  Family 

Phlox  bifida  Beck.  Cleft  Phlox.  Woods  and  cliffs,  common;  R.  Sands  19. 

Phlox  divaricata  L.  Blue  Phlox.  Woods,  common;  R.  Sands  16. 

Phlox  glaberrima  L.  Smooth  Phlox.  Open  woods,  occasional;  J.  Voigt  1048. 

Phlox  paniculata  L.  Garden  Phlox.  Moist  soil,  occasional;  J.  Voigt  2404- 

Phlox  pilosa  L.  Downy  Phlox.  Woods,  common;  R.  Mohlenbrock  12116. 

Polemonium  replans  L.  Jacob’s-ladder.  Moist  woods,  common;  J.  Voigt  2509. 

Hydrophyllaceae  Lindley — Waterleaf  Family 

Hydrolea  af finis  A.  Gray.  Edges  of  swamps  and  lakes,  occasional;  W.  Bailey 
&  J.  Sivayne  1460. 

Hydrophyllum  appendiculatum  Michx.  Moist  woods,  common;  R.  Mohlenbrock 

12448. 

Hydrophyllum  virginianum  L.  Waterleaf.  Moist  woods,  common;  R.  Mohlen¬ 
brock  12861. 

Phacelia  bipinnatifida  Michx.  Moist  woods,  common;  R.  Mohlenbrock  12918. 

Phacelia  purshii  Buckley.  Low  woods,  common;  J.  Voigt  1050. 

Phacelia  ranunculacea  (Nutt.)  Constance.  Low  woods,  occasional;  J.  Voigt 

1411. 


Boraginaceae  Lindley — Borage  Family 

*Cynoglossum  officinale  L.  Common  Hound’s-tongue.  Fields,  occasional;  R. 
Mohlenbrock  13916. 

Cynoglossum  virginianum  L.  Wild  Comfrey.  Woods,  occasional;  R.  Mohlenbrock 

12454. 

Hackelia  virginiana  (L.)  I.  M.  Johnston.  Stickseed.  Woods,  common;  R.  Mohl¬ 
enbrock  12684- 
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*Heliotr opium  indicum  L.  Heliotrope.  Moist  waste  ground,  occasional;  R. 
Mohlenbrock  12741. 

*Lithospermu7n  arvense  L.  Field  Gromwell.  Waste  ground,  common;  R. 
Mohlenbrock  7 164. 

Lithospermum  canescens  (Michx.)  Lehm.  Hoary  Gromwell.  Bluffs,  rare;  R. 
Mohlenbrock  12697. 

Lithospermum  latifolium  Michx.  American  Gromwell.  Dry  woods,  occasional; 
J.  Voigt  Sill. 

Mei'tensia  virginica  (L.)  Pers.  Bluebells.  Woods,  occasional;  J.  Voigt  &  W. 
Welch  526. 

Myosotis  macrosperma  Engelm.  Forget-me-not.  Woods,  occasional;  R.  Mohlen- 
b  rock  13116. 

Myosotis  verna  Nutt.  Woods  and  fields,  common;  R.  Mohlenbrock  12882. 

Verbenaceae  Juss. — Vervain  Family 

Phryma  leptostachya  L.  Lopseed.  Moist  woods,  occasional;  R.  Mohlenbrock 
13891. 

Phyla  lanceolata  (Michx.)  Greene.  Frog-fruit.  Low  areas,  common;  J.  Voigt  682. 
Verbena  bracteata  Lag.  &  Rodr.  Waste  ground,  common;  J.  Voigt  1870. 
Verbena  canadensis  (L.)  Britt.  Woods,  occasional;  J.  Voigt  s.n. 

Verbena  hastata  L.  Blue  Vervain.  Woods  and  along  roads,  common;  R.  Mohlen¬ 
brock  12418. 

Verbena  simplex  Lehm.  Narrow-leaved  Vervain.  Open  ground,  common;  R. 
Mohlenbrock  12636. 

Verbena  stricta  Vent.  Hoary  Vervain.  Open  ground,  common;  J.  Voigt  s.n. 
Verbena  urticifolia  L.  White  Vervain.  Woods  and  along  roads,  common;  W. 
Stieglitz. 

Labiatae  B.  Juss. — Mint  Family 

Agastache  nepetoides  (L. )  Kuntze.  Open  woods,  occasional;  J.  Voigt  2727. 
Blephilia  ciliata  (L.)  Benth.  Wood  Mint.  Woods,  common;  R.  Mohlenbrock 
12715. 

Blephilia  hirsuta  (Pursh)  Benth.  Woods,  occasional;  J.  Voigt  3002. 

Collinsonia  canadensis  L.  Richweed.  Moist  woods,  rare;  R.  Mohlenbrock  12441- 
Cunila  origanoides  (L.)  Britt.  Stone  Mint.  Wooded  ridges,  common;  G.  Fuller 

258. 

*Glecoma'  heterophylla  Waldst.  &  Kit.  Small  Ground  Ivy.  Moist  waste  ground, 
occasional;  R.  Mohlenbrock  12860. 

ecleoma  pulegioides  (L.)  Pers.  American  Pennyroyal.  Dry  woods,  occasional; 
R.  Mohlenbrock  12977. 

Isanthus  brachiatus  (L.)  BSP.  False  Pennyroyal.  On  bluffs  and  in  dry  woods, 
occasional;  R.  Mohlenbrock  13917. 

*Lamium  amplexicaule  L.  Henbit.  Waste  ground,  common;  R.  Mohlenbrock 
115:9. 

*Lamium  purpureum  L.  Purple  Dead  Nettle.  Waste  ground,  occasional;  R. 
Mohlenbrock  12455. 

*Leonorus  cardiaca  L.  Talus  slopes  and  low  ledges,  rare;  J.  Ozment. 
Lycopus  americanus  Mulil.  Wet  ground,  common;  R.  Mohlenbrock  12685. 
Lycopus  rubellus  Moench.  Water  Horehound.  Wet  ground  or  in  water,  com¬ 
mon;  W.  Stieglitz  19. 

Lycopus  virginicus  L.  Wet  ground,  common;  -J.  Voigt  2431. 

*Marrubium  vulgare  L.  Common  Horehound.  Waste  ground,  rare;  collector 
unknown. 

*Mentha  arvensis  L.  Field  Mint.  Waste  ground;  W.  Stieglitz  14- 
Mentha  canadensis  L.  Wild  Mint.  Moist  soil,  occasional;  R.  Mohlenbrock  12742. 
*Mentha  piperita  L.  Peppermint.  Waste  ground,  rare;  R.  Mohlenbrock  s.n. 
*Mentha  spicata  L.  Spearmint.  Waste  ground,  rare;  R.  Mohlenbrock  s.n. 
Monarda  bradburiana  Beck.  Bee  Balm.  Dry  woods,  common;  W.  Bailey  tf-  J. 
Swayne  2240. 

Monarda  fistulosa  L.  Wild  Bergamot.  Woods,  common;  R.  Mohlenbrock  12608. 
*Nepeta  cataria  L.  Catnip.  Waste  ground,  occasional;  R.  Mohlenbrock  s.n. 
*Perilla  frutescens  (L.)  Britt.  Beef-steak  Plant.  Moist,  waste  ground;  common; 
J.  Voigt  4171. 

Physostegia  virginiana  (L.)  Benth.  Moist  soil,  occasional;  G.  Fuller  243. 
Prunella  vulgaris  L.  Self-heal.  Waste  ground,  common;  R.  Mohlenbrock  12803. 
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Pycnanthemum  flexuosum  (Walt.)  BSP.  Mountain  Mint.  Dry  woods,  common; 
R.  Mohlenbrock  13111. 

Pycnanthemum  incanum  (L. )  Michx.  Dry  soil,  rare;  J.  Voigt  s.n. 

Pycnanthemum  pycnanthemoides  ( Leaven w.)  Fern.  Dry  woods  and  along  roads, 
occasional;  R.  Mohlenbrock  13890. 

Salvia  lyrata  L.  Cancer-weed.  Rocky  woods,  rare;  J.  Voigt  2114- 

Scutellaria  elliptica  Muhl.  Hairy  Skullcap.  Woods,  rare;  R.  Mohlenbrock  12411. 

Scutellaria  incana  Biehler.  Downy  Skullcap.  Woods,  occasional;  J.  Voigt  1490. 

Scutellaria  lateriflora  L.  Moist  soil,  common;  W.  Bailey  d  J.  Swayne  2114- 

Scutellaria  nervosa  Pursh.  Low,  wet  woods,  rare;  W.  Bailey  d  J.  Swayne  2303 

Scutellaria  ovata  Hill.  Heart-leaved  Skullcap.  Woods,  occasional;  R.  Mohlen¬ 
brock  294- 

Scut ellaria  parvula  Michx.  Rocky  woods,  rare;  J.  Voigt  2116. 

Stachys  tenuifolia  Willd.  Hedge  Nettle.  Wet  soil,  occasional;  R.  Mohlenbrock 
13889. 

Teucrium  canadense  L.  Wood  Sage.  Moist  ground,  common;  R.  Mohlenbrock 
124 16. 


Solanaceae  Pers. — Potato  Family 

Datura  stramonium  L.  Jimson-weed.  Waste  ground,  common;  R.  Mohlenbrock 
12655. 

Phy sails  heterophylla  Nees.  Edge  of  fields,  common;  J.  Voigt  s.n. 

Phy salis  lanceolata,  Michx.  Dry  waste  ground,  rare;  R.  Mohlenbrock  d  J. 
Voigt  9965. 

Phy  salis  pruinosa  L.  Moist  soil,  occasional;  C.  Bollwinkel  s.n. 

Phy  salis  pubescens  L.  Waste  ground,  occasional;  R.  Mohlenbrock  12114- 
Physalis  subglabrata  Mack.  &  Bush.  Smooth  Ground  Cherry.  Waste  ground, 
common;  R.  Mohlenbrock  12446- 

Physalis  virginiana  Mill.  Ground  Cherry.  Waste  ground,  common;  J.  Voigt  s.n. 
Solanum  carolinense  L.  Horse  Nettle.  Waste  ground,  common;  R.  Mohlenbrock 
12916. 

Solanum  nigrum  L.  Black  Nightshade.  Moist  waste  ground,  common;  J.  Voigt 
3121. 


Scrophulariaceae  Lindley — Figwort  Family 
Aureolaria  flava  (L. )  Farwell.  False  Foxglove.  Open  woods,  occasional;  R. 
Mohlenbrock  12634- 

Bacopa  rotundifolia  (Michx.)  Wettst.  Edge  of  lakes,  rare;  J.  Voigt  2199. 
Dasistoma  macrophylla  (Nutt.)  Raf.  Mullein  Foxglove.  Dry  woods,  occasional; 
R.  Mohlenbrock  583. 

Gerardia  tenuifolia  Vahl.  Rather  moist  soil,  common;  R.  Mohlenbrock  13918. 
Gratiola  neglecta  Torr.  Moist  soil,  common;  R.  Mohlenbrock  12456. 

Gratiola  virginiana  L.  Edge  of  swamp,  rare;  J.  Voigt  s.n. 

Leucospora  multifida  (Michx.)  Nutt.  Along  Hutchins  Creek,  occasional;  J. 
Voigt  2629. 

Lindernia  anagallidea  (Michx.)  Pennell.  Moist  ground,  occasional;  J.  Voigt 

s.n. 

Lindernia  dubia  (L.)  Pennell.  Wet  soil,  common;  R.  Mohlenbrock  12113. 
Mimulus  alatus  Ait.  Monkey  Flower.  Wet  soil,  common;  G.  Fuller  233. 

Mi vi  ulus  ringens  L.  Around  swamps,  lare;  R.  Mohlenbrock  12445- 

Pen  stemon  alluviorum  Pennell.  Edge  of  wet  woods,  rare;  R.  Mohlenbrock  s.n. 

Penstemon  calycosus  Small.  Rich  soil,  rare;  R.  Mohlenbrock  12858. 

Penstemon  digitalis  Nutt.  Foxglove  Penstemon.  Woods,  common;  R.  Mohlen¬ 
brock  12915. 

Penstemon  hirsutus  (L.)  Willd.  Talus  at  base  of  limestone  bluffs,  rare;  W. 
Bailey  d  J.  Swayne  2314- 

Penstemon  pallidus  Small  woods,  common;  R.  Mohlenbrock  12686. 

Penstemon  tubaeflorus  Nutt.  Along  roads,  rare;  W.  Bailey  d  J.  Swayne  2315. 
Scrophularia  marilandica  L.  Figwort.  Woods,  occasional;  R.  Mohlenbrock 
12143. 

*V erbascum  blattaria  L.  Moth  Mullein.  Waste  ground,  occasional;  J.  Voigt  1119. 
*Verbascum  thapsus  L.  Common  Mullein.  Waste  ground,  common;  R.  Mohlen¬ 
brock  12609. 

*V eronica  arvensis  L.  Speedwell.  Waste  ground,  common;  R.  Mohlenbrock  12884 ■ 
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Veronica  peregrina  L.  Waste  ground,  common;  R.  Mohlenbrock  13118. 
Veronicastrum  virginicum  (L)  Farwell.  Culver-root.  Woods,  occasional;  J. 
Voigt  lJfOlf. 

Acanthaceae  J.  St.  Hil. — Acanthus  Family 
Dianthera  americana  L.  Water  Willow.  In  Hutchins  Creek,  rare;  J.  Voigt  2215. 
Ruellia  humilis  Nutt.  Hairy  Ruellia.  Woods,  common;  R.  Mohlenbrock  13888. 
Ruellia  pedunculata  Torr.  Stalked  Ruellia.  Dry  woods,  occasional;  J.  Voigt  2008. 
Ruellia  strepens  L.  Smooth  Ruellia.  Rich  soil  in  woods,  occasional;  R.  Mohlen¬ 
brock  8879. 


Lentibulariaceae  Lindley — Bladderwort  Family 
Utricularia  gibba  L.  Shallow  swamp  water,  rare;  J.  Voigt  2211. 

TJtricularia  vulgaris  L.  Shallow  swamp  water,  occasional;  J.  Voigt  2212. 

Orobanchaceae  Lindl. — Broomrape  Family 
Epifagus  virginiana  (L.)  Barton.  Beech  Drops.  On  beech  roots,  common;  R. 
Mohlenbrock  121^15. 

Orobanche  uniflora  L.  Open  woods,  occasional;  M.  Pulliam  1. 

Bignoniaceae  Pers. — Bignonia  Family 

Gampsis  radicans  (L.)  Seem.  Trumpet  Creeper.  Woods  and  fields,  common; 
R.  Mohlenbrock  12633. 

Plantaginaceae  Lindley — Plantain  Family 
Plantago  aristata  Michx.  Bracted  Plantain.  Fields,  common;  R.  Mohlenbrock 
12712. 

*Plantago  lanceolata  L.  Buckliorn  Plantain.  Waste  ground,  common;  J.  Voigt 
2601. 

Plantago  pusilla  Nutt.  Waste  ground,  common;  R.  Mohlenbrock  121^1}. 
Plantago  rugelii  Dec.  Common  Plantain.  Waste  ground;  R.  Mohlenbrock  11651. 
Plantago  virginica  L.  Waste  ground,  common;  R.  Mohlenbrock  12857. 

Rubiaceae  B.  Juss. — Madder  Family 

Cephalanthus  occidentalis  L.  Buttonbush.  In  water,  common;  W.  Stieglitz  21. 
Diodia  teres  Walt.  Rough  Buttonweed.  Fields,  common;  R.  Mohlenbrock  162. 
Diodia  virginiana  L.  Buttonweed.  Edge  of  swamp,  rare;  J.  Voigt,  s.n. 

Galium  aparine  L.  Goosegrass.  Woods,  common;  R.  Mohlenbrock  12971f. 

Galium  circaezans  Michx.  Wild  Licorice.  Woods,  common;  R.  Mohlenbrock  s.n. 
Galium  concinnum  Torr.  &  Gray.  Dry  woods,  common;  R.  Mohlenbrock  13919. 
Galium  obtusum  Bigel.  Moist  ground,  common;  W.  Bailey  &  J.  Swayne  230 
Galium  pilosum  Ait.  Woods,  occasional;  R.  Mohlenbrock  12^57. 

Galium  tinctorium  L.  On  decayed  vegetation  in  swamps,  rare;  W.  Stic  glitz  2. 
Galium  triflorum  Michx.  Sweet-scented  Bedstraw.  Low  woods,  common;  J. 
Voigt  2820. 

Houstonia  lanceolata  (Poir.)  Britt.  Hill  prairies,  occassional;  J.  Voigt  636. 
Houstonia  nigricans  (Lam.)  Fern.  Limestone  ledges,  rare;  R.  Mohlenbrock 
15037. 

Houstonia  pusilla  Schoepf.  Bluets.  Woods  and  bluffs,  common;  R.  Mohlenbrock 
12687. 

Houstonia  tenuifolia  Nutt.  Rocky  woods,  occasional;  R.  Mohlenbrock  1271/1/. 
Spermacoce  glabra  Michx.  Smooth  Buttonweed.  Wet  soil,  common;  R.  Mohlen¬ 
brock  s.n. 

Caprifoliaceae  Vent. — Honeysuckle  Family 
*Lonicera  japonica  Thumb.  Japanese  Honeysuckle.  Disturbed  areas,  common; 
R.  Mohlenbrock  12610. 

Sambucus  canadensis  L.  Elderberry.  Numerous  situations,  common;  R.  Mohlen¬ 
brock  12885. 

Symphoricarpos  orbiculatus  Moench.  Coralberry.  Edge  of  woods,  common;  J. 
Voigt  s.n. 

Triosteum  angustifolium  L.  Horse  Gentian.  Rich  soil,  rare;  R.  Mohlenbrock 
13119. 

Viburnum  prunifolium  L.  Black  Haw.  Woods,  occasional;  R.  Mohlenbrock 
12707. 
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Viburnum  recognitum  Fern.  Woods,  occasional;  R.  Mohlenbrock  jt2628. 
Viburnum  rufidulum  Raf.  Southern  Black  Haw.  Woods,  occasional;  R.  Mohlen¬ 
brock  12J,39. 


Campanulaceae  Juss. — Bellflower  Family 
Campanula  americana  L.  Bellflower.  Woods,  common;  R.  Mohlenbrock  12852. 
Triodanis  biflora  (R.  &  P.)  Greene.  Exposed  ledges,  rare;  J.  Ozment. 
Triodanis  perfoliata  (L.)  Nieuwl.  Dry  soil  and  waste  ground,  common;  R. 
Mohlenbrock  12969. 


Lobeliaceae  Juss. — Lobelia  Family 

Lobelia  cardinalis  L.  Cardinal  Flower.  Wet  soil,  occasional;  R.  Mohlenbrock 
121,62. 

Lobelia  inflata  L.  Indian  Tobacco.  Woods  and  fields,  common;  R.  Mohlenbrock 
1271,9. 

Lobelia  leptostachys  A.  DC.  Cherty  slopes,  rare;  R.  Mohlenbrock  12615. 
Lobelia  puberula  Michx.  Downy  Lobelia.  Wet  ground,  occasional;  R.  Mohlen¬ 
brock  12890. 

Lobelia  siphilitica  L.  Blue  Cardinal  Flower.  Wet  soil,  occasional;  J.  Voigt  s.n. 
Lobelia  spicata  Lam.  Cherty  slopes,  rare;  R.  Mohlenbrock  s.n. 

Valerianaceae  Batsch — Valerian  Family 
Valerianella  radiata  (L.)  Dufr.  Wet  areas,  common;  R.  Mohlenbrock  13121,. 

Compositae  P.  F.  Gmel. — Sunflower  Family 

*  Achillea  millefolium  L.  Yarrow.  Waste  ground,  common;  R.  Mohlenbrock  13882. 
Ambrosia  artemisiifolia  L.  Common  Ragweed.  Waste  ground;  common;  R. 

Mohlenbrock  121,09. 

Ambrosia  bidentata  Michx.  Western  Ragweed.  Fields,  occasional;  R.  Mohlen¬ 
brock  12627. 

Ambrosia  trifida  L.  Giant  Ragweed.  Waste  ground,  common;  R.  Mohlenbrock 
12706. 

Antennaria  fallax  Greene.  Dry  woods,  occasional;  J.  Voigt  s.n. 

Antennaria  pi  ant  a  g  ini  folia  (L.)  Hook.  Pussy-toes.  Dry  woods  and  cherty  slopes,, 
common;  R.  Mohlenbrock  11585. 

*Anthemis  cotula  L.  Dog  Fennel.  Waste  ground,  occasional;  R.  Mohlenbrock 
121,63. 

*  Arctium  minus  (Hill)  Bernli.  Common  Burdock.  Waste  ground,  rare;  TV. 
Bailey  &  J.  Swayne  2699. 

*  Artemisia  annua  L.  Annual  Wormwood.  Moist,  waste  ground,  rare;  R.  Mohlen¬ 
brock  12891. 

Aster  anomalus  Engelm.  Rocky  woods,  occasional;  R.  Mohlenbrock  15156. 
Aster  drummondii  Lindl.  Dry  woods,  occasional;  J.  Voigt  3191. 

Aster  exiguus  (Fern.)  Rydb.  Dry  soil,  occasional;  TV.  Bailey  d  J.  Swayne  3191. 
Aster  laevis  L.  Smooth  Aster.  Along  Hutchins  Creek,  rare;  J.  Voigt  2612. 
Aster  lateriflorus  (L.)  Britt.  Moist  soil,  occasional;  TV.  Stieglitz  12. 

Aster  oblongifolius  Nutt.  Woods  near  edges  of  bluffs,  occasional;  TV.  Bailey  t(- 
J.  Swayne  231. 

Aster  ontarionis  Wieg.  Wet  ground,  common;  R.  Mohlenbrock  s.n. 

Aster  patens  -Ait.  Dry  woods,  common;  J.  Voigt  3188. 

Aster  pilosus  Willd.  Open  areas,  common;  R.  Mohlenbrock  13125. 

Aster  praealtus  Poir.  Wet  ground,  occasional;  R.  Mohlenbrock  12750. 

Aster  salicifolius  Lam.  Wet  ground,  occasional;  TV.  Stieglitz  62. 

Aster  sagittifolius  Wedem.  Woods,  common;  W.  Bailey  J.  Swayne  233. 

Aster  shortii  Lindl.  Dry  woods,  occasional;  TV.  Bailey  d  J.  Swayne  232. 

Aster  simplex  Willd.  Moist  areas,  common;  TV.  Bailey  cf-  J.  Swayne  3211,. 
Aster  turbinellus  Lindl.  Rocky  woods,  occasional;  J.  Voigt  3192. 

Aster  vimineus  Lam.  Fields,  occasional;  TV.  Bailey  ct-  J.  Swayne  1792. 

Bidens  aristosa  (Michx.)  Britt.  Moist  ground,  common;  R.  Mohlenbrock  12616. 
Var.  fritcheyi  Fern,  also  occurs  in  the  area. 

Bidens  bipinnata  L.  Spanish  Needles.  Fields  and  woods,  common;  R.  Mohlen¬ 
brock  121,38. 

Bidens  cernua  L.  Begger  Ticks.  Wet  ground,  occasional;  R.  Mohlenbrock  12693. 
Bidens  comosa  (A.  Gray)  Wieg.  Wet  soil,  common;  TV.  Bailey  tf-  J.  Swayne 
321,3. 
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Bidens  connata  Muhl.  Swamp  Beggar  Ticks.  Wet  ground,  occasional;  W.  Bailey 
&  J.  Swayne  3037. 

Bidens  discoidea  (Torr.  &  Gray)  Britt.  Wet  ground,  occasional;  W.  Bailey  d 
J.  Swayne  1782. 

Bidens  frondosa  L.  Fields,  common;  W.  Stieglitz  54. 

Bidens  polylepis  Blake.  Wet  ground,  rare;  W.  Bailey  ct-  J.  Swayne  1694 • 

Bidens  vulgata  Greene.  Tall  Beggar  Ticks.  Fields,  occasional;  R.  Mohlenbrock 
12968. 

Boltonia  asteroides  (L.)  L’Her.  Moist  areas,  occasional;  J.  Voigt  s.n. 

Cacalia  atriplici folia  L.  Indian  Plantain.  Dry  woods,  occasional;  R.  Mohlen¬ 
brock  290. 

Cacalia  muhlenbergii  (Schultz-Bip.)  Fern.  Woods,  occasional;  R.  Mohlenbrock 
13925. 

*Centaurea  cyanus  L.  Bachelor’s  Buttons.  W.  Bailey  <f-  J.  Swayne  1490. 

*  Chrysanthemum  leucanthemum  L.  Ox-eye  Daisy.  Fields,  common;  R.  Mohlen¬ 
brock  12851. 

Cichorium  intylms  L.  Chicory.  Along  levee  road,  occasional;  R.  Mohlenbrock 


s.n. 

Cirsium  altissimum  (L.)  Spreng.  Tall  Thistle.  Woods,  occasional;  R.  Mohlen¬ 
brock  14021. 

Cirsium  discolor  (Muhl.)  Spreng.  Field  Thistle.  Rich  soil,  occasional;  R. 
Mohlenbrock  12751. 

* Cirsium  vulgare  (Savi)  Airy-Sliaw.  Bull  Thistle.  Fields,  common;  R.  Mohlen¬ 
brock  12437. 

Coreopsis  tripteris  L.  Tall  Tickweed.  Woods,  occasional;  R.  Mohlenbrock  12892. 

Echinacea  pallida  Nutt.  Hill  prairie,  rare;  R.  Mohlenbrock  d  J.  Voigt  8859. 

Eclipta  alba  (L.)  Hassk.  Wet  ground,  common;  W.  Stieglitz  //8. 

Elephantopus  carolinianus  Willd.  Elephant’s-foot.  Woods,  occasional;  R.  Moh¬ 
lenbrock  12626. 

Erechtites  hieracifolia  (L.)  Raf.  Fireweed.  Fields  and  moist  open  areas,  oc¬ 
casional;  R.  Mohlenbrock  13881. 

Erigeron  annuus  (L.)  Pers.  Whitetop.  Woods  and  fields,  common;  W.  Bailey 
<C-  J.  Swayne  419. 

Erigeron  canadensis  L.  Muletail.  Waste  ground,  common;  R.  Mohlenbrock 
12617. 


Erigeron  divaricatus  Michx.  Dry  soil,  occasional;  R.  Mohlenbrock  12618. 
Erigeron  philadelphicus  L.  Fleabane.  Woods  and  fields,  common;  R.  Mohlen¬ 
brock  12408. 

Erigeron  pulchellus  Michx.  Woods,  occasional;  R.  Mohlenbrock  13126. 

Erigeron  strigosus  Muhl.  Daisy  Fleabane.  Woods  and  fields,  common;  W. 
Bailey  d  J.  Swayne  1488. 

Eupatorium  altissimum  L.  Honey  weed.  Moist  woods,  common;  W.  Bailey  & 
J.  Swayne  893. 

Eupatorium  eoelestinum  L.  Moist-flower.  Wet  ground,  common;  W.  Bailey  & 
J.  Swayne  1795. 

Eupatorium  perfoliatum  L.  Boneset.  Wet  ground,  common;  R.  Mohlenbrock 

12464. 

Eupatorium  purpureum  L.  Joe-pye  Weed.  Woods,  common;  R.  Mohlenbrock 

12407. 

Eupatorium  rugosum  Houtt.  White  Snakeroot.  Woods,  common;  R.  Mohlen¬ 
brock  12967. 

Eupatorium  serotinum  Michx.  Late  Boneset.  Moist  ground,  common;  J.  Voigt 
3102. 


Eupatorium  sessilifolium  L.  Upland  Boneset.  Woods,  occasional;  W.  Bailey  & 
J.  Swayne  885. 

Gnaphalium  obtusifolium  L.  Sweet  Everlasting.  Woods  and  fields,  common; 
J.  Voigt  5025. 

Gnaphalium  purpureum  L.  Cudweed.  Fields,  occasional;  J.  Voigt  s.n. 
Helenium  autumnale  L.  Sneezeweed.  Wet  ground,  common;  J.  Voigt  2913. 
Helenium  nudiflorum  Nutt.  Fields,  occasional;  R.  Mohlenbrock  12694- 
Helenium  tenuifolium  Nutt.  Bitterweed.  Dry  waste  ground,  occasional;  R. 
Mohlenbrock  12625. 

Helianthus  decapetalus  L.  Dry  woods,  occasional;  R.  Mohlenbrock  s.n. 
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Helianthus  divaricatus  L.  Dry  woods,  common;  W.  Bailey  &  J.  Sivayne  27051,- 
Helianthus  grosseserratus  Martens.  Fields  and  along  roads,  common;  R. 
Mohlenbrock  12705. 

Helianthus  hirsutus  Raf.  Fields,  occasional;  R.  Mohlenbrock  12850. 

Helianthus  microcephalus  Torr.  &  Gray.  Dry  woods,  occasional;  R.  Mohlen¬ 
brock  13880. 

Helianthus  mollis  Lam.  Hill  prairies,  occasional;  J.  Voigt  3171. 

Helianthus  strumosus  L.  Woods  and  fields,  common;  R.  Mohlenbrock  12966. 
Heliopsis  helianthoides  (L.)  Sweet.  Ox-eye.  Dry  woods,  occasional;  R.  Mohlen¬ 
brock  13926. 

Hieracium  gronovii  L.  Dry  woods,  common;  R.  Mohlenbrock  12695. 

Iva  ciliata  Willd.  Marsh  Elder.  Waste  ground,  occasional;  W.  Bailey  <€  J. 
Sivayne  2986. 

Krigia  biflora  (Walt.)  Blake.  False  Dandelion.  Dry  woods,  occasional;  R. 
Mohlenbrock  148. 

Krigia  dandelion  (L.)  Nutt.  Dry  woods,  occasional;  R.  Mohlenbrock  1281/9. 
Krigia  oppositifolia  Raf.  Moist  soil,  occasional;  R.  Mohlenbrock  12701/. 

Krigia  virginica  (L.)  Willd.  Dry  woods  and  fields,  occasional;  W.  Bailey  &  J. 
Sivayne  3229. 

Kuhnia  eupatorioides  L.  False  Boneset.  Hill  prairies,  occasional;  J.  Voigt  1/1/46. 
Lactuca  canadensis  L.  Wild  Lettuce.  Woods  and  fields,  common;  R.  Mohlen¬ 
brock  121,36. 

Lactuca  floridana  (L.)  Gaertn.  Dry  woods,  occasional;  R.  Mohlenbrock  13927. 
*Lactuca  scariola  L.  Prickly  Lettuce.  Waste  ground,  occasional;  J.  Voigt  s.n. 
Liatris  aspera  Michx.  Woods,  occasional;  R.  Mohlenbrock  121,65. 

Liatris  cylindracea  Michx.  Hill  prairies,  rare;  R.  Mohlenbrock  s.n. 

Liatris  scabra  (Greene)  K.  Sclium.  Rock  slopes,  occasional.  The  type  specimen 
was  collected  in  the  Pine  Hills  by  F.  S.  Earle  on  September  23,  1890. 

Liatris  squarrosa  (L.)  Willd.  Dry  soil,  rare;  J.  Voigt  3190. 

Pluchea  camphorata  (L.)  DC.  Marsh  Fleabane.  Swampy  ground,  occasional; 
W.  Bailey  <£•  J.  Sivayne  1832. 

Polymnia  canadensis  L.  Leafcup.  Woods,  occasional;  W.  Bailey  cC-  J.  Sivayne 

loo. 

Polymnia  uvedalia  L.  Bearsfoot.  Woods,  occasional;  W.  Bailey  &  J.  Sivayne 
1793. 

Prenanthes  altissima  L.  Dry  woods,  occasional;  R.  Mohlenbrock  12752. 
Pyrrliopappus  carolinianus  (Walt.)  DC.  False  Dandelion.  Fields,  common;  R. 
Mohlenbrock  12893. 

Rudbeckia  bicolor  Nutt.  Cherty  slopes,  rare;  R.  Mohlenbrock  11,722. 

Rudbeckia  hirta  L.  Black-eyed  Susan.  Fields  and  woods,  common;  W.  Bailey 
cC-  J.  Sivayne  2437. 

Rudbeckia  triloba  L.  Brown-eyed  Susan.  Woods,  occasional;  W.  Bailey  cC-  J. 
Sivayne  2768. 

Senecio  aureus  L.  Golden  Ragwort.  Wet  ground,  occasional;  R.  Mohlenbrock 
13127. 

Senecio  glabellus  Poir.  Butterweed.  Wet  ground,  common;  W.  Bailey  &  J. 
Sivayne  358. 

Silphium  integrifolium  Michx.  Rosinweed.  Hill  prairies,  occasional;  J.  Voigt 
2924- 

Silphium  perfoliatum  L.  Cup-plant.  Rich  open  soil,  occasional;  R.  Mohlenbrock 
13879. 

Solidago  altissima  L.  Tall  Goldenrod.  Woods  and  fields,  common;  R.  Mohlen¬ 
brock  121,06. 

Solidago  boottii  Hook.  Cherty  slopes,  rare;  R.  Mohlenbrock  12965. 

Solidago  buckleyi  Torr.  &  Gray.  Rocky  woods,  occasional;  W.  Bailey  &  J. 
Sivayne  867. 

Solidago  caesia  L.  Moist  woods,  common;  W.  Bailey  tf-  D.  Hankla  633. 
Solidago  canadensis  L.  Fields,  common;  R.  Mohlenbrock  s.n. 

Solidago  drummondii  Torr.  &  Gray.  Limestone  cliffs,  occasional;  W.  Bailey  <C- 
J.  Sivayne  3061. 

Solidago  gigantea  Ait.  Late  Goldenrod.  Wet  ground,  occasional;  R.  Mohlenbrock 
12621,. 

Solidago  glaberrima  Martens.  Hill  prairies,  rare;  J.  Voigt  2621,- 
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Solidago  juncea  Ait.  Early  Goldenrod.  Fields  and  woods,  common;  R.  Mohlen¬ 
brock  12703. 

Solidago  latifolia  L.  Broad-leaved  Goldenrod.  Moist  woods,  occasional;  R. 
Mohlenbrock  12435. 

Solidago  nemoralis  Ait.  Field  Goldenrod.  Fields  and  woods,  common;  W.  Bailey 
&  J .  Swayne  3187. 

Solidago  radula  Nutt.  Rocky  woods,  raie;  R.  Mohlenbrock  12848. 

Solidago  rigida  L.  Rigid  Goldenrod.  Hill  prairies,  occasional;  J.  Voigt  3202. 
Solidago  speciosa  Nutt.  Goldenrod.  Woods,  occasional;  R.  Molilenbroek  s.n. 
Solidago  strigosa  Small.  Ozark  Goldenrod.  Cherty  slopes,  rare;  R.  Mohlenbrock 

s.n. 

Solidago  ulmifolia  Muhl.  Elm-leaved  Goldenrod.  Woods,  common;  W.  Bailey 
&  J .  Swayne  886. 

*Sonchus  asper  (L.)  Hill.  Spring  Sow  Thistle.  Waste  ground,  occasional;  J. 
Voigt  s.n. 

* Taraxacum  officinale  Wiggers.  Common  Dandelion.  Waste  ground,  common; 
R.  Mohlenbrock  13928. 

Verbesina  alternifolia  (L.)  Britt.  Yellow  Ironweed.  Rich  soil,  occasional;  R. 
Mohlenbrock  12466. 

Verbesina  helianthoides  Michx.  Crownbeard.  Woods,  occasional;  R.  Mohlen¬ 
brock  12696. 

Vernonia  altissima  Nutt.  Ironweed.  Woods  and  fields,  common;  R.  Mohlen- 
hrock  14700. 

Vernonia  fasciculate  Michx.  Wet  soil,  occasional;  R.  Mohlenbrock  12753. 
Vernonia  missurica  Raf.  Fields  and  Woods,  common;  W.  Bailey  d-  J.  Swayne 
2703. 

Xanthium  chinense  Mill.  Cocklebur.  Moist  waste  ground,  occasional;  R.  Moh¬ 
lenbrock  126  W. 

Xanthium  commune  Britt.  Cocklebur.  Moist  waste  ground,  common;  W. 
Stieglitz  3). 
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Errata 

Delete  Acerates  lanuginosa  (Nutt.)  Dec.  and  Rhododendron  roseum  (Loisel.) 
Relid. 

Add  Rhododendron  periclymenoides  (Michx.)  Shinners,  cherty  slopes,  rare. 
Richardson  3,  7;  Rhododendron  prinophyllum  (Small)  Millais,  cherty  slopes, 
Bailey  A  Sioayne  1291;  Potamogeton  foliosus  Raf.,  in  water,  rare,  R.  Evers  38626; 
Potamogeton  pusillus ,  in  water,  R.  Mohlenbrock  s.n. 
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NEWS  AND  COMMENTS 


See  page  176,  issue  number  3,  vol¬ 
ume  57  of  the  Transactions  of  the 
Illinois  Academy  of  Science.  That 
is  my  plea  to  authors  of  papers.  I 
have  spent  a  lot  of  time  changing 
papers  to  conform  to  our  format  but 
I  cannot  continue  the  practice.  It 
is  getting  to  be  too  time  consuming. 
For  example :  when  you  type  the 
name  Jones  in  the  Literature  Cited 
section  in  capital  letters,  I  need  to 
make  three  little  lines  under  the 
“J”.  If  you  do  not  capitalize  all 
the  letters,  I  must  put  two  lines 
under  all  the  letters  along  with  the 
third  line  under  the  “J”.  Further¬ 
more,  when  you,  the  authors,  fail  to 
double  space,  I  have  to  squeeze  those 
lines  in  with  care. 

Another  complaint  that  I  must 
voice  concerns  the  breaking  of 
words  at  the  end  of  a  line.  If  you 
do  break  a  word,  indicate  this  b}^ 
making  “close  up”  marks  at  the  end 
of  the  line. 

To  use  the  hyphen  means  the  print¬ 
er  will  put  in  a  hyphen.  I  wouldn’t 
object  so  much  about  this  were  it  not 
for  the  fact  that  I  don’t  always 
know  whether  or  not  a  hyphen  prop¬ 
erly  belongs  in  that  spot. 

To  me  there  is  a  thrill  in  learn¬ 
ing,  for  the  first  time,  about  some¬ 
thing  that  I  could  have  anticipated 
or  deduced  had  I  had  my  thoughts 
directed  toward  the  problem.  Such 
was  the  case  with  the  paper  by 
Rhodes,  Courter,  and  Shurtleff  en¬ 
titled  “Identification  of  Horseradish 
Types”  that  appeared  in  the  June 
issue  of  the  Transactions.  I  didn’t 


know  that  horseradish  was  import¬ 
ant.  This  article  hit  some  of  our 
readers  in  the  same  way  and  they 
took  the  trouble  to  say  so  to  me.  I 
mention  this  because  I  want  to  em¬ 
phasize  to  authors  that  papers  pub¬ 
lished  in  the  Transactions  have  a 
wide  and  diverse  audience. 

Authors  should  also  know  that  a 
“faithful  following”  read  all  the 
articles  in  order  to  point  out  my 
editorial  lapses. 

Have  you  expressed  your  views 
on  the  date  of  the  Annual  Meet¬ 
ings  (see  News  and  Comments,  Sep¬ 
tember  issue)  ? 

A  member  has  asked  that  we  have 
a  “Discussion  and  Reader  Com¬ 
ment”  section.  Presumbably  this 
would  be  where  members  could  air 
their  views  and  opinions  on  the 
Academy  and  its  parts — particularly 
the  articles  in  the  Transactions. 
Are  you  for  it? 

Have  you  noticed  the  amount  of 
“small  print”  in  this  issue?  Un¬ 
less  the  authors  and  readers  revolt, 
there  will  be  a  lot  more  of  it  in  fu¬ 
ture  issues.  This  is  just  another 
step  in  meeting  our  ‘  ‘  g r o wr i n g 
pains.  ” 

May  I  repeat  this?  NOTES' 
TAKE  PRECEDENCE  OVER 
PRINCIPAL  ARTICLES  IN 
SPEED  OF  PUBLICATION. 

Dr.  Paul  W.  Parmalee,  Curator 
of  Zoology,  Illinois  State  Museum, 
was  promoted  to  Assistant  Museum 
Director  of  the  Illinois  State  Mu¬ 
seum,  on  September  1,  1965. 
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Dr.  Parmalee  received  his  B.S. 
degree  from  Ohio  University  in 
1948,  his  M.S.  from  the  University 
of  Illinois  in  1949,  and  his  Ph.D. 
from  Texas  A.  and  M.  College  in 
1952 ;  for  a  study  of  the  life  history 
of  the  bobwhite  quail  in  the  Post 
Oak  Region  of  Texas. 

He  joined  the  Illinois  State  Mu¬ 
seum  staff  in  1953  as  Curator  of 
Zoology  where  he  has  built  up  the 
taxonomic  collection  of  Illinois  fauna 
to  significant  and  workable  tools. 
He  especially  strengthened  the  col¬ 
lections  of  Mollusca,  the  Reptiles 
and  Ambhibians,  Bats,  and  the 
Vertebrate  skeletal  collections. 

He  has  been  particularly  effective 
in  the  identification  of  faunal  re¬ 
mains  from  Indian  excavations  and 
from  cave  excavations. 

Dr.  Parmalee  succeeded  to  the 
position  of  Assistant  Museum  Di¬ 
rector,  which  has  been  vacant  since 


January  1,  1963  when  Milton  D. 
Thompson  advanced  to  the  position 
of  Museum  Director. 

Dickson  Mounds  was  transferred 
from  the  Division  of  Parks  and 
Memorials,  Department  of  Conserva¬ 
tion,  to  the  administration  of  the 
Illinois  State  Museum  on  July  U 
1  965. 

The  site  will  be  known  in  the 
future  as  Dickson  Mounds,  Museum 
of  the  Illinois  Indian.  It  will  be 
developed  as  a  tourist  attraction,  an 
educational  center  for  the  interpre¬ 
tation  of  prehistoric  man  in  Illinois, 
and  a  research  center  for  the  study 
of  Fulton  County  archaeology. 

CD  t/ 

Governor  Kerner  has  signed  a 
bill  authorizing  the  development  of 
a  master  plan  and  architectural 
drawings  and  specifications  for  fu¬ 
ture  capitol  improvements  for  the 
area. 
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SOME  COORDINATION  COMPOUNDS  OF  6-MERCAPTOPURINE 

THOMAS  A.  DONOVAN 
Kfiox  College,  Galesburg,  Illinois 


Abstract.— A  number  of  bis  chelates 
of  6-mercaptopurine  with  divalent  metals 
have  been  synthesized  and  characterized. 
A  presumably  dinuclear  complex  has 
been  isolated  with  copper  (I)  thiocya¬ 
nate. 


The  coordination  chemistry  of  6- 
mercaptopurine  has  been  investigated 
as  part  of  a  general  program  for  a 
study  of  the  metal-binding  specificities 
of  various  cancer  chemotherapeutic 
agents  which  have  been  suggested  for 
experimental  or  clinical  uses  (Ross, 
1959,  p.  368).  The  potential  anti-cancer 
activity  of  6-mercaptopurine  has  been 
widely  investigated  in  recent  years 
(Brockman,  1963,  p.  1191)  (Elion,  1963, 
p.  1207).  Details  of  our  experimental 
work  are  given  at  the  end  of  this  paper. 

The  structure  of  6-mercaptopurine,  I, 
with  an  ionizable  mercapto  group  peri 
to  a  tertiary  heterocyclic  nitrogen  atom 
is  formally  analogous  to  that  of  8- 
liydroxyquinoline,  II,  and  the  well-known 
avidity  of  II  for  a  wide  variety  of 
metallic  cations  (Hollingsliead,  1954) 
suggests  that  6-mercaptopurine  might  be 
expected  to  exhibit  similar  behavior. 


I  II 

However,  the  coordination  chemistry  of 
6-mercaptopurine  has  received  only 
slight  attention.  The  most  significant 
investigation  was  undertaken  by  Freiser 
and  his  coworkers  (1959).  They  de¬ 
termined  the  aqueous  formation  con¬ 
stants  for  complexes  of  this  ligand  with 
Ni(II),  Co  (II) ,  Pb(II),  and  Zn(II). 
No  one  seems  to  have  reported  the 
isolation  and  characterization  of  such 
complexes. 


The  synthetic  procedure  employed 
in  the  preparation  of  divalent  metal 
complexes  of  6-mercaptopurine  was 
based  upon  the  general  reaction, 
M  (C,H,Oo)o*(0-4)HX)  +  2C5H4N4S*HX> 
=  M(C,H,N4S)o«  (0-2)HX>  +  2HCoH30o 
+  ( 2-6 ) H.,0,  where  M  —  Co(II),  Ni(II), 
Zn (II),  Cd(II),  Hg(II),  and  Pb(II). 
Methanol  was  employed  as  a  solvent 
with  the  single  exception  of  the  cobalt 
(II)  case  in  which  the  use  of  dimethyl- 
formamide  was  found  to  yield  a  purer 
product.  The  reactions  proceed  smooth¬ 
ly  and  the  yields  are  moderate  to  high. 
Purification  of  the  resulting  complexes 
is  relatively  simple  since  all  of  the 
starting  materials  and  extraneous  prod¬ 
ucts  are  soluble  in  hot  methanol  where¬ 
as  the  complexes  are  insoluble  in  that 
solvent.  Hence,  solvent  extraction  offers 
a  convenient  purification  technique. 

The  complexes  attract  and  hold  water 
tenaciously.  Several  of  the  compounds 
analyze  as  the  dihydrates  even  after 
drying  for  24  hours  in  a  vacuum  at 
100°.  The  nickel  (II)  compound  may  be 
isolated  as  a  monohydrate  but,  on  stand¬ 
ing  exposed  to  the  air,  it  readily  ac¬ 
quires  a  second  molecule  of  water. 

The  actual  presence  of  waters  of  hy¬ 
dration,  as  indicated  by  the  elemental 
analyses,  was  confirmed  by  the  infra¬ 
red  spectra  of  these  compounds  as  well 
as  by  a  study  of  their  thermal  stabil¬ 
ities.  Thus,  the  spectra  of  the  hydrated 
species  show  strong  absorption  in  the 
3400-3500  cm-1  region  whereas  this  re¬ 
gion  is  empty  in  the  case  of  anhydrous 
species.  More  convincing,  since  several 
of  the  spectra  were  run  after  exposure 
of  the  sample  to  air,  were  thermal 
stability  studies  which  showed  that  each 
of  the  hydrated  species  lost  5-10%  of 
its  initial  weight  at  200°.  This  loss 
corresponds  to  the  removal  of  1-2  water 
molecules.  In  most  cases  there  is  a 
plateau  of  relative  stability  beyond  this 
point,  extending  as  high  as  350°. 

All  of  the  complexes  are  soluble  with 
decomposition  in  strong  acids  or  bases 
and  relatively  insoluble  in  water  and 
most  polar  organic  solvents. 


[  304  ] 


Notes 


305 


6-Mercaptopurine,  in  the  manner  com¬ 
mon  to  thiol  ligands,  reduces  copper  (II) 
to  copper (I)  prior  to  complex  forma¬ 
tion.  In  order  to  avoid  the  complications 
inherent  in  such  a  stepwise  reaction, 
a  copper  (I)  complex  of  6-mercapto- 
purine  was  prepared  by  the  direct  reac¬ 
tion  of  copper  (I)  thiocyanate  and  the 
ligand.  The  reaction  proceeds  slowly 
in  methanol  and  is  characterized  by  a 
gradual  color  change  from  pale  yellow 
to  deep  cherry  red.  The  product  iso¬ 
lated  after  24  hours  analyzes  as  a  1:1 
adduct,  Cu(C5H4N4S)  (SCN).  This  spe¬ 
cies  is  diamagnetic.  It  may  be  a  dim¬ 
er  with  thiocyanate  bridges  but  no  suit¬ 
able  solvent  for  a  molecular  weight  de¬ 
termination  has  been  found.  Hence,  full 
characterization  of  this  species  must 
await  further  study. 

Procedures 

Thermal  stability  studies  were  con¬ 
ducted  with  a  simple  thermogravimetric 
balance  constructed  by  Judd  (1958). 
Infra-red  spectra  were  obtained  as  KBr 
disks  and  fluorolube  mulls  using  a 
Beckman  Model  IR-5  spectrophotometer. 

Sythesis  of  bis  (6-mercaptopurinato) 
lead  (II)  .-6-Mercaptopurine  hydrate 
(0.68  g,  0.004  mole)  was  placed  in  a  500 
ml.,  one-necked,  round-bottom  flask  and 
dissolved  with  200  ml.  of  absolute 
methanol.  Lead  acetate  trihydrate  (0.76 
g,  0.002  mole)  was  added  to  the  solution 
and  the  mixture  was  slurried  with  a 
magnetic  stirrer.  The  flask  was  equipped 
with  a  water-cooled  condenser  and  the 
mixture  was  placed  under  gentle  reflux. 
After  24  hours  the  reaction  mixture  was 
Altered.  The  chunks  of  yellow  solid 
product  were  ground  to  a  powder,  placed 
in  a  Soxhlet  extractor,  and  extracted 
with  hot  methanol  for  24  hours.  The 
yield  was  1.00  g  (82%).  (Analysis: 
Calculated  for  C10H(1N8S.,Pb:  C,  23.57;  H, 
1.19;  N,  21.99.  Found:  C,  23.59;  H,  1.58; 
N,  21.83). 

The  following  compounds  were  pre¬ 
pared  under  conditions  similar  to  the 
formation  of  bis  (6-mercaptopurinato) 
lead  (II) : 

bis  (6-mercaptopurinato)  mercury 
(II),  yield  94%.  Analysis:  Calcu¬ 
lated  for  C1(lH(iNsS.,Hg:  C,  23.88;  H, 
1.20;  N.  22.28.  Found:  C,  23.85;  H, 
1.33;  N,  21.90. 


bis  (6-mercaptopurinato)  cadmium 
(II)  dihydrate,  yield  75%.  Analysis: 
Calculated  for  C10H6N8S2Cd,2HoO : 
C,  26.64;  H,  2.24;  N,  24.86.  Found: 
C,  26.51;  H,  1.81;  N,  24.68. 


bis  (6-mercaptopurinato)  zinc  (II) 
dihydrate,  yield  67%.  Analysis: 
Calculated  for  C10H6N8S2Zn*2HoO : 
C,  29.75;  H,  2.50;  N,  27.75.  Found: 
C,  29.84;  H,  2.05;  N,  28.26. 

bis  (6-mercaptopurinato)  nickel 
(II)  monohydrate,  yield  87%.  Anal¬ 
ysis:  Calculated  for  C10H6N8S2Ni* 
H.O:  C,  31.69;  H,  2.13;  N.  29.56. 
Found:  C,  31.73;  H,  2.56;  N.  29.75. 

Synthesis  of  a  copper  (I)  complex 
of  6-mercaptopurine  6-Mercaptopurine 
hydrate  (1.10  g,  0.006  mole)  and  copper 
(I)  thiocyanate  (0.36  g,  0.003  mole) 
were  slurried  in  200  ml.  of  absolute 
methanol  in  a  500  ml.  one-necked,  round- 
bottom  flask.  The  flask  was  equipped 
with  a  water-cooled  condenser  and  the 
mixture  was  placed  under  gentle  reflux. 
After  24  hours  the  mixture  had  changed 
from  a  pale  yellow  hue  to  a  bright 
cherry  red.  The  solid  product  was 
filtered,  extracted  with  hot  methanol  for 
24  hours  and  dried  in  vacuo  for  24 
hours.  The  yield  was  0.78  g  (93%). 
(Analysis:  Calculated  for  C5H4N4S*Cu 
SCN:  C,  26.32;  H,  1.47;  N,  25.58.  Found: 
C,  26.38;  H,  1.44;  N,  25.51). 
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MYXOMYCETES  NEW  TO  ILLINOIS 
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Abstract. — A  survey  of  the  Myxomy- 
cete  flora  of  Montgomery  Arboretum 
(Northern  Illinois  University)  and  col¬ 
lecting  sites  in  Cook  and  Kane  Counties, 
Illinois  yielded  eleven  species  and  two 
genera  not  previously  reported  from 
Illinois. 


The  myxomycetes  of  Illinois  have  been 
the  subject  of  only  two  previous  papers. 
Stover  (1941)  reported  the  occurrence 
of  thirty-six  species  in  the  area  imme¬ 
diately  surrounding  Charleston.  After 
an  extensive  survey  of  the  slime  molds 
of  Champaign  County  (Benjamin,  1949) 
and  some  spot  collecting  in  other  sites 
in  the  State,  Benjamin  (1956)  reported 
the  occurrence  of  133  species  in  35 
genera. 

During  the  period  between  the  sum¬ 
mer  of  1962  and  the  fall  of  1964,  the 
junior  author  conducted  a  survey  of 
the  Myxomycete  flora  (McCleary,  1965) 
of  a  six  acre  plot  of  woods  known  as 
the  Montgomery  Arboretum  located  on 
the  campus  of  Northern  Illinois  Uni¬ 
versity,  DeKalb.  In  addition  to  field 
collections  extensive  use  was  made  of 
the  moist  chamber  culture  technique 
first  used  by  Gilbert  and  Martin  (1933). 
Pieces  of  bark  from  living  trees  were 
placed  on  filter  paper  in  petri  dishes  and 
soaked  with  distilled  water.  After  24 
hours  the  water  was  removed  and  the 
cultures  were  allowed  to  stand  for  about 
two  weeks.  At  the  end  of  this  time,  the 
covers  were  removed  and  the  bark  ex¬ 
amined  for  the  presence  of  Myxomycete 
fruiting  bodies  and  plasmodia.  If  the 
examination  revealed  no  fruiting  bodies 
or  plasmodia  the  culture  was  remoist¬ 
ened  and  examined  after  another  two 
weeks.  Bark  examined  was  obtained 
from  trees  in  the  Montgomery  Arbore¬ 
tum  and  trees  on  the  west  side  of  the 
2100  block  of  21st  Avenue,  Broadview, 
Illinois. 

Sixty  eight  species  were  found.  The 
identifications  were  based  on  Martin’s 
(1949)  monograph  in  North  American 
Flora.  Verifications  were  made  by  Dr. 
G.  W.  Martin,  University  of  Iowa  and 
Dr.  C.  J.  Alexopoulos,  University  of 
Texas.  All  species  have  been  deposited 


in  the  Myxomycete  collection  at  the 
University  of  Iowa,  Iowa  City.  When 
available,  duplicates  were  deposited  in 
the  herbaria  of  the  University  of  Illinois,. 
Urbana;  Northern  Illinois  University,. 
DeKalb;  University  of  Texas,  Austin; 
and  the  Chicago  Natural  History  Mu¬ 
seum,  Chicago. 

The  collection  sites  and  substrate  of 
the  species  new  to  Illinois  are  as  fol¬ 
lows  : 

Arcyria  magna  Rex.  Montgomery  Ar¬ 
boretum,  DeKalb  Co.  Dead  wood  and 
bark  of  Ulmus  sp.  Benjamin  (1949) 
mentions  two  Illinois  collections  of 
this  species  in  the  herbarium  at  the 
University  of  Iowa,  but  does  not  in¬ 
clude  the  species  in  his  check-list 
(Benjamin,  1956).  Dr.  Martin  placed 
our  specimen  as  being  between  A. 
magna  and  A.  oerstedtii  Rost.  The 
translucent  and  iridescent  cups  and 
the  long  expanded  capillitium  fit  the 
description  for  A.  magna'  (Martin, 
1949). 

Badhamia  panicea  (Fries)  Rostafinski. 
Cook  County  Forest  Preserve,  May- 
wood  (behind  Proviso  East  High 
School),  Cook  Co.  Dead  wood  and 
bark. 

Calomyxa  metallica  (Berk.)  Nieuwl. 
—  Margarita  metallica  (Berk.)  A. 
Lister  (Martin,  1961).  Montgomery 
Arboretum,  DeKalb  Co.  Dead  wood. 
Dr.  Martin  noted  that  the  single 
specimen  collected  was  the  first 
stalked  form  of  this  species  that  he 
had  seen.  This  is  the  first  report  for 
the  Family  Dianemaceae  and  the 
genus  Calomyxa  in  Illinois. 
Comatricha  lurida  A.  Lister.  Montgom¬ 
ery  Arboretum,  DeKalb  Co.  Rotting 
wood.  Dr.  Martin  indicated  that  the 
slight  variations  found  in  the  speci¬ 
men  were  well  within  the  range  of 
variation  seen  in  the  species. 
Cribraria  aurantiaca  Schrad.  Montgom¬ 
ery  Arboretum,  DeKalb  Co.  Rotting 
wood. 

Cribraria  languesceus  Rex.  Montgom¬ 
ery  Arboretum,  DeKalb  Co.  Rotting 
wood. 

Licea  operculata  (Wingate)  G.  W.  Mar¬ 
tin.  Montgomery  Arboretum,  DeKalb 
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Co.  Moist  chamber  culture  on  bark 
of  Ulmus  sp.  Single  typical  collection 
of  10  fruiting  bodies. 

Licea  pedicellata  (H.  C.  Gilbert)  H.  C. 
Gilbert.  Montgomery  Arboretum,  De 
Kalb  Co.  and  Broadview,  Cook  Co. 
Moist  chamber  culture  on  bark  of 
Juglans  nigra  and  Ulmus  americana. 
Spores  tended  to  be  larger  than  de¬ 
scribed  and  more  uniform  in  color. 
Lindbladia  effusa  (Ehremb.)  Rostafin- 
ski.  Johnson  Mound  Forest  Preserve, 
Kane  Co.  and  Montgomery  Arboretum, 
DeKalb  Co.  Rotting  wood.  This  is 
the  first  report  for  this  genus  in  Illi¬ 
nois. 

Stemonitis  nigrescens  Rex.  Montgomery 
Arboretum,  DeKalb  Co.  Rotting  wood. 
Stemonitis  smithii  Macbr.  Montgomery 
Arboretum,  DeKalb  Co.  Rotting  wood. 
This  paper  brings  the  number  of  spe¬ 
cies  of  Myxomycetes  reported  from  Illi¬ 
nois  to  144.  Two  previously  unreported 
genera,  Lindbladia  and  Galomyxa  (Mar¬ 
garita),  are  reported  bringing  the  num¬ 
ber  of  genera  found  in  Illinois  to  37. 
Almost  all  of  the  reported  species  have 
been  collected  in  the  central  and  north¬ 
ern  parts  of  the  State. 
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